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HYBRIDIZATION AND GERM CELLS OF OENOTHERA
MUTANTS

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY
XCIII

Reginald Ruggles Gates

my
as

of the stages in pollen development in the O. Lamarckiana hybrid

obtained by crossing O. lata with O. Lamarckiana pollen, further

investigations have placed in a new light the situation in regard to the

number of chromosomes in the Oenothera mutants and hybrids

studied. The further facts obtained have disclosed quite a different

condition from the one anticipated, and one which is at present wholly

inexplicable, and apparently quite unique so far as chromosomes arc

concerned, though it is to be expected that fuller knowledge of the

facts will bring an explanation of the situation. Since the facts, so

far as known at present, appear to be most directly concerned with

Oenothera hybrids, a brief account of the forms of hybridization

among the Oenothera mutants, as developed by the very extensive

hybridizing experiments of DeVries/ will first be necessary.

FORMS OF OENOTHERA HYBRIDS

In general, DeVries' experiments appear to disclose at least three

main forms or types of hybridization in the Oenothera mutants:

(i) hybrids between a mutant and the parent O. Lamarckiana;

» Gates, R. R., PoUen development in hybrids of Oenothera lata X O. Lamarck-

iana, and its relation to mutation. Box. Gazette 43:81-115. pis, 2-4. 1907.

2 DeVries, Hugo, Die Muutionstheorie, Vol. 11. 1903.
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(2) hybrids between two mutants; (3) ordinary Mendelian hybrids,

which appear in some of the mutant crosses. These can only be con-

sidered as general tendencies, however, for the results vary widely in

many of the crosses, both in the number and the percentage of the

types appearing. DeVries has also been able to vary the results

experimentally in a number of cases. Crosses in which a mutant is

involved he calls mutation hybrids (Mutalionskreuzungen), and hybrids

of exactly this character do not occur, so far as I know, in any other

genus of plants or animals.

The conspicuous types of hybridization in Oenothera are as fol-

lows : When O. Lamarckiana is crossed with a mutant, in the case of

several of the forms DeVries experimented upon, a hybrid is pro-

duced which splits, but differs from a typical Mendehan hybrid in

three respects, (i) A heterozygote, showing only the characters of the

dominant parent, and containing the recessive characters latent, is

not formed in the first hybrid generation, but instead the two parent

forms are produced. (2) The proportions of the offspring are not

always about 3:1 as in a Mendelian hybrid, but the percentage of

plants having the recessive characters (the mutants are recessive to the

parent O. Lamarckiana) often fluctuates between o and 50 per cent-,

or even with wider range. This distinction is believed to be less

important, as fluctuations in the percentage of the forms are known to

occur in some Mendelian hybrids. (3) A still more striking difference

is that, while in a Mendelian hybrid two-thirds of the dominant plants

continue to split in the proportions of 3:1 in successive generations,

both the forms produced in a mutation hybrid, or cross of O,

Lamarckiana with a mutant, breed true and show no sphtting. There

is thus no external evidence that crossing has ever occurred. This type

of hybrid appears when O. lata, O. nanella^ or O. rubrinervis is crossed
ft

with O- Lamarckiana, The following

diagram will make clear the distinc-

tions between this and an ordinary

Mendehan hybrid. A represents the

characters of O. Lamarckiana in fig. j,

and of the dominant parent in fig. 2. B
Constarii represents the characters of a mutant in

Fig I.—Mutation hybrid fig" -f , and of the recessive parent in fig. 2.

A B

A
(0-50% or more)

Constant

B

I
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A B

Heterozygote

A

Constant
Extracted dominant

A(B)

(50%)
Splitting

Heterozygote

B
(25%)

Constant
Extracted recessive

Fig. 2.—Mendelian hybrid

Two significant exceptions to this form of hybrid among the

mutants are found in O. hrevistylis and O. laevifolia, which never
appeared as mutants in DeVries' cuhures, although he believes them
to have formerly mutated from O. LamarcUana. They form with
O. Lamarckiana ordinary MendeHan hybrids.

J- he fact that the percentage of a mutant appearing in a cross can
be experimentally varied in different ways is also of importance in

this connection. Thus the percentage of the parent forms appear-
ing m a cross varies with the position on the stem of the particular

flowers crossed. The plants bloom from below upward on the stem,

and DcVries observed that after the first few weeks of blooming
there is a steady and marked decrease in the size of the flowers bloom-
ing, until at the close of the season they are but little larger than those

01 O. biennis. I have observed the same thing in my own cultures

from seeds of DeVries at Woods Hole, Mass. At the end of Sep-

tember many of the plants wTre still blooming vigorously at the top,

and the flowers were little if any larger than those of O. biennis.

When pollen from a mutant is used to cross with O. Lamarckiana, if

It IS obtained from the earlier flowers of the season, that is from the

larger and more vigorous flowers which are lower on the stem, the

heredity-coefhcient,^ or percentage of the mutant appearing in a cross,

Will be larger than if later and smaller flowers are used. Similarly

the heredity-coefficient (Erbzahl) of flowers on the side branches of

• ^^^^ when crossed with O. Lamarckiana is said to be less than that

3 I would suggest this term as an English equivalent for the German Erbzahl and
snail use it in this sense in the rest of the paper.
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of flowers on the main axis (DeVries /. c. 2:416). The heredity-

coefficient of a mutantj when the large earlier flowers are used, appears

to be a fairly constant quantity and to be usually or at least frequently

near the Mcndelian ratio, though it may often fluctuate in individual

crosses of flowers from o to about 50 per cent. Thus the heredity-

coefficient of O. lata is often 21-24 P^^ cent., and that of O. nanella is

practically the same. This percentage is said to remain about the

same from generation to generation and to be independent of the

pollen parent; but in crosses of single flowers the percentage may
r

vary widely. Thus 39 crosses of O. Lamarckiana flowers were made

with O. nanella pollen, and the seeds from the different flowers sown

separately. The proportions of O. nanella obtained, that is the

heredity-coefhcient, varied from i to 48 per cent,, the average for the

total number of 3768 seedlings being about 17 per cent. (DeVries

/. c. 2:408V

The proportions of the parents appearing in a cross also fluctuate

from other causes. In crossing O. Lamarckiana wdth O. nanella

pollen, in one experiment when 90-100 seedlings were produced from

one ovary the proportion of O. nanella was 44 per cent., but when the

number of seedlings produced from an ovary was only 20-40, the

proportion of O, nanella was reduced to 10 per cent- The quantity

of pollen used in a cross also influences the offspring, and the propor-

tions may be varied by experimental methods. Thus in one experi-

ment (DeVries /. c. 2:417), all of the 4-8 lobes of the stigma of O.

Lamarckiana flowers were removed except one lobe or a small portion

of one. They were then rather sparingly pollinated with O. nanella

pollen (one flower being used to pollinate several), and of 1593 seed-

lings produced from 8 O. Lamarckiana plants whose flowers were

thus treated, all were O- Lamarckiana. In another experiment all

of the stigma was removed but one lobe, and of 1687 seedlings ob-

tained only about 2 per cent, were O. nanella. Other experimental

means of vary^ing the results of a cross need not be mentioned here.

But that such results can be obtained is of the greatest interest and

suggests a line of inquiry as to the nature of the factors determining

what forms will appear in a cross. This may also have a bearing on

the determination of the chromosome number, though just what the

connection may be cannot be guessed at present.

it"

^

i
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When

and some

more

any cross may be taken as an In

experiment'*

18 per cent., Q. nanella 47 per cent., O. nanella-lata 5(?) per cent.

The constant intermediate hybrid type O. nanella-lata is usually

from this cross, and

vary

breed

The O. Lamarckiana and O. nanella hybrids from this

Since

mature

self-pollination.

One other instance of a cross between two mutants (O. ruhri-

nervtsXO. nm
of the results-

Fourtli generation;
self-pollinated ipor

Third generatioa;
seli-pollinated 1900

constant

constant nibrinervis
(without
nanella)

Lamarckiana rubrinervis nanella-
rubrinervis

(17-22%)

constant

Second generation; Lamarckiana rubrinervis
self-pollinated 1895.

I

rubrinervis nanella nanella-
rubrinervis

18 %

First generation

;

Lamarckiana
self-poUinated 1894.

rubrinervis

Crossed in 1893. rubrinervisX nanella

^ case (DeVejes
nervis

was constant

'ubrinervis^ part of which were Dure and
tana ruhrinerv

generation; (3) O. nanella

O. nanella-rubrinervlSj whic

tions. The form O. nane
between O. rubrinervis and

a-rubrinervis as

constancy was

constant throuj

(4)

rubrinervis is an intermediate type

nanella: it has never appeared as a

^DeVries, Hugo, Ueber erbungleiche Kreuzungen. Ber. Deutsch. Bot. Gesells.

^^=435-443' 1900.
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^

mutation or in the first hybrid generation^ but apparently arises only

from self-fertilized hybrids of the second or later hybrid generations.

In these crosses it should be said that^ while constancy of the

forms appearing in the F, is the rule, exceptionally in one of the types

which ordinarily breeds true an individual may appear whose progeny

repeat the two types of the grandparents, thus showing a tendency to

continue splitting (DeVries /. c. 2:423),

Shull's^ recent work on hybridization in the elementary species

of Bursa (Capsella) shows that these produce ordinary Mendelian

hybrids in no way comparable to Oenothera hybrids. In fact I think

it is safe to say that no genus of plants or animals is known in which

the conditions of hybridization are strictly comparable to those found

in Oenothera. This peculiar type of hybridization is not confined

to O. Lamarckiana and its mutants, but ordinarily appears when a

mutant is crossed with another member of the genus, as O, muricata^

O, biennis^ O. hirtella^ O. suaveolens^ O. hirsutissima. In such cases

the first hybrid generation usually contains both the parent forms in
" " w

widely varj^ing proportions, and these in the F^ are found to breed

*'"ue. Thus the same type of hybrid is produced as is usual when a

mutant is crossed with O. Lamarckiana:

The phenomena of hybridization in Hieracium are more nearly

like those of Oenothera than any other genus, so far as I know.

Mendel's^ original work, continued recently by Ostenfeld,' has

given us a view of the hybridization conditions in this genus. Men-
del showed in a number of Hieracium crosses that the F^ is hetero-

geneous, including some intermediate types and some ver}^ near to or

indistinguishable from the parents. In the case of H. praealiumX

H. flagellarCy the F^ obtained by self-pollinating the hybrids of the

Fi was shown to be the same as the F^, all the forms of the latter

5 S HULL, G. H., Elementary species and hybrids in Bursa. Science 25:590-

591. 1907.

^ Mendel, G., Uebereinige aus kiinstlicher Befruchtung gewachsene Hieracium-

Bastarde. Verb. Naturf.-Vereins. Briinn. 8:26-31 (Abhandlungen). 1869.

7 OsTENFELD, C. H., Castration and hybridization In the genus Hieracium. Rep.

3d Intemat. Conf. on Genetics. Jour. Roy. Hort. Soc. London 24:285-288. 1900.

—, Experimental and cytological studies in the Hieracia. I. Castration and '

hybridization experiments with some species of Hieracia. Bot. Tidssk. 27:225-248,
pi, I. 1906.
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breeding true- Ostenfeld^ first showed the presence of apogamy

in the genus by castration experiments. Murbeck^ has since found

that the egg in these cases develops the embrj^o parthcnogcnetically.

The absence of fertilization in some cases is thus a factor at least

in the peculiar form of hybridization,
,

Ostenfeld^ has recently

extended these studies to a considerable number of species. Among
other species he has shown by castration experiments, confirmed by

the cytological investigations of Rosenberg, '° that if. excellens is

partly parthenogenetic and partly develops normally fertiHzed eggs;

its pollen is also sterile. Rosenberg found in this form the interest-

ing condition which he calls apospory, where a cell of the nucellus

enlarges and obHterates the normally formed tetrad of megaspores.

mor
without fertihzation. More rarely apogamous embryo sacs are

formed, as in Taraxacum. Usually, however, normal tetrad forma-

tilization.

reduction of chromosomes, takes place, followed by fer-

Part of the plants produced in a cross are then pure H.

excellens produced from apogamous or aposporous cmbr}'0 sacs arid

part are real hybrids.

The similarity of this form of hybrid to the O. lalaXO. Lamarck-

iana cross suggests the presence of apogamy in O. lata also, though

it is highly improbable that this can explain all the phenomena of

hybridization concerned. In the latter cross only the two parent

types are produced and the O. Lamarckiana breeds true, while in the

Hieracium cross several types are produced intermediate between the

H
determi

8

character of later generations, and the number of plants he has

OsTENFELD, C. H., Zur Kenntnis der Apogamie in der Gattung Hieracium.

Ber. Deut^rh.Bot. Gesells. 22:376-381. 1904.

-, Weitere Beitrage zur Kenntnis der Fruchtentwickelung bei der Gattung

Hieracium. Idem 537-541.

9 MuRBECK, S., Parthenogenese bei den Gattungen Taraxacum und Hieracium.

Bot. Notiser 1904:285-296.

Rosenberg, O., Ueber die Embryobildung in der Gattung Hieracium. Ber.10

Deustch. Bot. Gesells. 24:157-161. pi. il. 1906.
""

, Experimental and cytological studies in the Hieracia. II. Cytological

studies on the apogamy in Hieracium. Bot, Tidssk. 28: 143-1 7°- P^^- ^~^- ^9<=>7-
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obtained from seeds has been in some cases too small for entirely

satisfactory results.

The Oenothera and Hieracium hybrids mentioned may be said to

resemble each other in that in both the F^ is heterogeneous, though

the types of which the Fj is composed differ in the two crosses,

agreeing only in that one of the types in each is the pure mother parent.

The abortive character of the pollen in O. lata may also be said to

favor rather than otherwise the probabihty of apogamy in this species,

as it is well known that apogamous species frequently do not mature

their pollen. This suggestion of apogamy in O. lata will be examined

in another light in connection with the discussion of the number of

chromosomes.

Millardet's'^ ^' false hybrids'* in Fragaria and Rubus, in which

only one of the parent types (usually the mother) is produced in the

hybrid, and this breeds true, may possibly be regarded as extreme

cases of the same type of hybrid as some of the Oenothera crosses.

Hurst/ ^ among a large number of crosses of orchids which

showed many types of hybridization, found eleven crosses between

different genera in which only one of the parent types was reproduced,

this being in every case the mother (p, 104). Large numbers of the

hybrids were grown in some cases. He concluded that in at least

eight of these ^' false hybrids" self-pollination was impossible, and

that the embryos probably developed apogamously, perhaps on

account of the stimulus from the presence of foreign pollen tubes in

the ovary, but without fertilization. Oenothera itself may produce

hybrids of this type. Thus DeVries found that O. Lamarckiana 9

XO. biennis 3 gives only O. biennis in the F^ and F^ (/• c. 2:31).

This cross made in the New York Botanical Gardens, however, gave

in addition to several O. Lamarckiana plants, which MacDougal^^
thinks probably came from foreign Lamarckiana pollen, four types,

none of which were the same as either parent. Thus entirely different

results may be obtained under different conditions.

i^ Mn^LARDET, M. A., Note sur rhybridation sans croissement ou fausse hybrid-

ation. Mem. Soc. Sci. Phys. et Nat. Bordeaux IV. 4^347-372. 1894.

^' HiTRST, C. C, Notes on some experiments in hybridization and cross-breeding.

Jour. Roy. Hort. See. London 24:90-126. figs. Q-41, 1900.

13 MacDougal, D. T-, Mutants and hybrids of the Oenotheras. Publ. 24, Car-

negie Institution, Washington, pp, 56. pis, 22, 1905.
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The possibilities of apogamy in other mutants are apparently not

so good, and such a condition seems rather unlikely, especially in O.

nanella, where some of the hybridization results practically exclude

the possibility of apogamy in these cases. Thus, O. nanella 9x0.
biennis $ gave (DeVries /. c. 2 1476) in two crosses 554 plants, none of

I which were O. nanella; while the reciprocal cross gave 96-100 per

cent. O. nanella among 356 plants. Hence in both cases the pollen

was

amous embryos, at least of any kind known

formed

THE NUMBERS OF CHROMOSOMES
F

In my earHer paper^ it was shown that the sporophyte number of

chromosomes in O. lata is fourteen, while in the O. Lamarckiana

plants appearing in the first hybrid generation from a cross with O.

lata^'^ the number is at least twenty. It was assumed therefore that

the pure O. Lamarckiana parent had at least twenty chromosomes as

the pure O
number. Examination

number is fourteen. This

remarkable

trated thus

:

O. lata O Limarckiana

14 20 or 21

O, lata O. Lamarckiana

Fig. 3

plants, whose erametophyte number J

when crossed give rise in the first hybrid generation to the two parent

fonns, one of which has fourteen chromosomes as the sporophyte

number, while the other has twenty or twenty-one.

In O. lata the count of chromosomes was made in the pollen

found to be fourteen. It has since been made in

sstips of thp flower, and is found to be constantly

mother cells and

somatic

shall refer to the O. Lamarckiana

pollinated by O. Lamarckiana as "the Lamarckiana hybrid.
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fourteen so far as observed. There has been no indication whatever

that the number is ever higher. In the Lamarckiana hybrid it has

been found from a number of counts in the floral tissues that the

number of chromosomes in the somatic tissues is tv^enty or twenty-one,

and I have found no reason to think it varies. In the pollen mother

cells the number of chromosomes in the metaphase and anaphase of

the heterotypic mitosis is usually twenty or twenty-one. Occasionally

the number in early anaphase appears to be less, but this may be due

to a tardy separation of some of the paired chromosomes in the

equatorial plate; further study is required to determine this point- A
large number of telophases of this mitosis were counted which showed

ten chromosomes each. In one case there appeared to be eleven

chromosomes in a telophase, though the greater majority at least

show ten in each daughter nucleus. Occasionally a chromosome lags

behind in the equator of the spindle until late anaphase, and this may
the number twenty-one. Such a case is figured in my former

(pL 4^ fig. jg). This is not always the case, however, as shown

make

by fig

nucleus, but none left behind in the equator of the spindle. It is

possible that a single unpaired chromosome might be present in meta-

phase and be lost in the cytoplasm as the paired chromosomes scpa-
Mm

rated and went to the poles. It is certain that in many pollen mother

cells ten chromosomes go into each daughter nucleus in the hetero-

typic mitosis. Whether the number in the somatic tissues is.twenty

or twenty-one has not been determined with certainty, as it is a matter

of ver}^ considerable difficulty. The further discussion will reveal

the reason for suggesting that the sporophyte number of chromo-

somes in the Lamarckiana hybrid is twenty-one rather than twenty.

O. Lamarckiana^ the parent, has fourteen chromosomes as the

sporophyte number, so far as the plants have been examined. This

count was made constantly in the floral tissues. The homotypic mito-

sis in the pollen mother cell shows seven chromosomes constantly so

far as observed, a large number of counts being made in various

"*""-s of this mitosis. It is doubtless true that chromosome counts as

ordinarily made come from a very few individuals. In the case of the

Lamarckiana hybrid I have examined material from two individuals

and from different flowers in each; these plants were grown in

o
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different seasons. In every count the number of chromosomes in the

somatic tissues has been twenty or twenty-one, though I have been as

yet unable to determine with certainty between these two numbers.

Any cytologist is acquainted with the fact that one region of a chromo-

some group is likely to be obscure enough, owing to close aggregation

of the chromosomes, to prevent absolute certainty in making a count

of the exact number, unless the number of chromosomes happens to

be a small one. The evidence already mentioned shows beyond a

doubt that, in the large majority of cases at least, ten chromosomes

enter each daughter nucleus in the heterotypic mitosis, though it may

be that there are occasionally eleven chromosomes in one of the

daughter nuclei.

Several plants of O. lata and the pure O. Laniarckiana have been

examined, all having fourteen chromosomes, which makes it probable

that fourteen is the number found in all the pure individuals of these

species, and twenty or twenty-one the number found in all the indi-

viduals of the Lamarckiana hybrid. But it will be necessar}- to deter-

mine the count in several more plants of each of these races before

this point can be settled with certainty.

It will be of interest to know whether the number of chromosomes

in the Lamarckiana hybrid remains constant in later generations, and

also what happens when the Lamarckiana hybrid having twenty or

twenty-one chromosomes is crossed with O. lata or with pure 0.

Lamarckiana having fourteen chromosomes. I am now growing

plants from crosses made in last season's cultures, which it is hoped

will determine these interesting points.

THE HETEROCHROMOSOMES

In my former paper ^ (p. 91), large rings of chromatin were dcs-

cribed as sometimes

rem mitosis

^- t'Uia ana tne Lamarckiana hybrid small ooaies aic luunu, l..^^

shaped (or hollow) but of the same size as the chromosomes, from

which they are otherwise indistinguishable. These may be on the

spindle or in the cytoplasm, as described in that paper. It was

believed that the smaller ring-shaped chromatic bodies were condensed

^^om tuc larger rings It is possible, how-
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ever, that the latter are merely irregularities occurring during pollen

degeneration in O. lata^ for it is well known that a variety of irregu-

larities, in addition to the ones describedj may occur in synapsis and

the reduction mitosis in sterile hybrids. This leaves unexplained the

origin of these bodies called heterochromosomes. On the other hand,

the evidence from staining properties and from other considerations,

as given in the paper referred to, is against their origin from nucleoli.

The same bodies have since been found in the reduction mitoses in

O. Lamarckiana^ where they persist, in some cases at least, through

both mitoses to the formation of pollen tetrads. For the present,

therefore, the origin and possible significance of these bodies may be

considered to be a matter of doubt, in regard to which no conclusions

can be drawn until further evidence is obtained.

POSSIBLE EXPLANATION OF THE CHROMOSOME NUMBERS

number of Dossible exnlanations of the orierin of the chromosome

will It

suggested

r

.aid, however, that all of them appear unlikely, and no

n can be given on the basis of our present knowledge in

chromosome numbers. It is to be expected that further

on will disclose the sources of the extra chromosomes in

ckiana hybrid, but for the present some possibiUties may be

seem

chromosomes, that the sporophyte number of chromosomes

time

sum

chromo

somes. The experimental results of Nemec'^ and others, in which

somatic nuclei are made to fuse and subsequently divide, showing

mitotic figures with chromosomes whose number is the sum of the

number of chromosomes in the nuclei that entered the original fusion,

indicate the persistency of individual chromosomes in such cases-

Such results increase the probability that the number of chromosomes

found in the somatic tissues of an individual arose with the genesis

JsNfeMEC, B., Ueber die Bedeutung der Chromosomenzahl. Bull. Intemat.

Akad. Sci. Bohfime 10:1-4, 1906,
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of the individual and has persisted in all subsequent cell generations.

Of course there is the possibiKty that a higher number of chromo-

somes mi

mentation of certain chromosomes; but no constant size-differences

have been found among the chromosomes of any of the forms or

between the chromosomes of the different races examined.

There are a number of ways in which it would be possible for
F

fusion nuclei having twenty-one chromosomes to be formed during

the period of fertilization, since the gametophyte number of chromo-

somes is seven.

(i) It is possible that O. Lamarckiana might produce tu^o kinds of

pollen, having respectively seven and fourteen chromosomes. My
examination of the conditions of pollen development in O. Lamarck-

iana has thus far revealed no evidence whatever in favor of such an

hypothesis. Apparently all the pollen mother cells undergo the reduc-

tion divisions^ in which the number of chromosomes is reduced from

fourteen to seven in the usual way.

(2) It is possible that O. lata might produce two kinds of eggs,

having respectively seven and fourteen chromosomes. If both these

kinds of eggs were fertihzed with O. Lamarckiana pollen and pro-

duced embryos, we should have plants resulting with fourteen and

twenty-one chromosomes. The difficulty here, however, is that on

such an hypothesis the union of seven lata chromosomes with seven

Lamarckiana chromosomes would produce a lata plant; while the

union of fourteen lata chromosomes with only seven Lamarckiana

chromosomes would produce a Lamarckiana plant, a situation which

>s highly improbable, to say the least.

(3) Another possibility is that all the eggs of O. lata have the

unreduced number of chromosomes, and that part of them develop

without fertilization (parthenogenetically), producing O. lata plants

with fourteen chromosomes; while others are fertilized with O. La-

marckiana pollen, and produce Lamarckiana plants having twenty-one

chromosomes
{fig. 3). This assumption is perhaps as reasonable as

any, but no case is known of an unreduced egg being fertilized.

(4) Another possible source of twenty-one chromosomes is by the

Pinion of both male cells with the egg in fertilization. This, though

very unlikely, is at least a theoretical possibility.
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(5) It is conceivable that the triple fusion nucleus in double fer-

tilization, instead of the egg^ might form the embryo. The only

known case of the endosperm developing anything resembling an
r

embryo is Balanophora. Treub'^ studied B. elongaia and the same

conditions were afterward found in B. globosa by Lotsy.^^ Fertili-

zation does not take place in these forms, and the egg and synergids

crm

divides, forming a mass of endosperm tissue. In the midst of the

endosperm a group of smaller cells is cut off, forming a '^pseud-

embr}'o," which was followed to the five or ten cell-stage. Tetrad

formation apparently does not take place, so that there is probably no
E

reduction of chromosomes, the '^pseudembr}^o" having the 2X

number.

All of these possibilities, therefore, are without parallel in our

present knowledge, but it seems most probable that the source of the

twenty-one chromosomes is to be sought in some such situation during

fertilization, or the genesis of the individual having this number of

chromosomes. It is hoped that further investigation of megaspore

and embryo sac development and fertilization in O. lala will lead to the

explanation of this remarkable situation, though of course the real

explanation may be quite different from any of the possibilities here

suggested.
\

•

On any of these assumptions the number of chromosomes is

twenty-one. If it is twenty, however, another explanation must be

sought. The correctness of the latter number is supported by the

fact that I have counted many telophases of the heterotypic mitosis,

in which the number of chromosomes was ten in each daughter

nucleus. Also if twenty-one chromosomes originated from the fusion

of three nuclei, two of which represented one parent and one the other

parent, it might be expected that in synapsis and the reduction

mitosis a segregation of the chromosomes would indicate this origin.

One might perhaps expect a pairing of seven chromosomes (maternal)
+

with seven others (paternal), leaving the other seven unpaired to pass

*6 Treub, M., L'organe femelle et rapogamie du Balanophora elongaia Bl. Ann.

Jard. Bot. Buitenzorg 15:1-22. pis, 1-8. 1898.

*7 LoTSY, J. P,, BalanopJwra globosa Jungh. Eine wenigstens ortlich-verwittwete

Pflanze. Ann, Jard. Bot. Buitenzorg II. 1:174-186. pis. 26-2g. 1899.
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remain out in the cytoplasm. Rosenberg'^ found

such a situation in the Drosera hybrid, where the ten chromosomes

from one parent paired with ten of the twenty from the other parent,

while the remaining ten chromosomes of the latter remained unpaired

and were irregularly distributed or lost in the cytoplasm. But nothing

of this kind has thus far been observed in the reduction divisions of

the Lamarckiana hybrid, and instead ten chromosomes are apparently

regularly distributed to each daughter nucleus in the heterotypic

mitosis. It is pretty evident that the exact number of chromosomes

cannot be satisfactorily settled until their origin is ascertained.

Not the least remarkable part of this situation is found in the fact

that here we have two plants, the pure O. Lamarckiana and the

Lamarckiana hybrid, which cannot be distinguished by their external

characters, and yet differ widely in the number of their chromo-

somes. This difference in number assumes a different aspect, how-

ever, if we find, as seems most probable, that we have here merely an

extra set of chromosomes from one parent. Such a situation need not

necessarily interfere with the present views of persistency of chromo-

some numbers or even of the ordinary' constancy in number for a

species. A knowledge of the fate of these chromosomes in subse-

ermmi

the general bearing of these facts on present views of the individuality

and constancy in number of chromosomes.
It is suggestive that in the Lamarckiana hybrid, as Rosenberg' °'

has found in the apogamous species of Hieracium, the number of

chromosomes is much higher than in other species of the genus

examined. In the apogamous species in various genera investigated

in recent years, where the chromosome numbers arc known, the

number of chromosomes in apogamous species is nearly or exactly

double the sporophyte number in closely related, normally fertilized

members of the same genus. A list of these cases need not be given.

There may be a suggestion here as to how variation in the chromo-

some numbers of a genus originates. The same author'" finds that

'* Rosenberg, O., Ueber die Tetradentheilung eines Drosera-Bastardes. Ber.

I^eutsch. Bot. Gesells. 22:47-53. Pl- 4- i9°4-

'« Rosenberg, O., Cytological investigations in plant hybrirls. Rep. 3d Internal.

Conf. on Genetics. Jour. Roy. Hort. Soc. London 24:289-291. 1906.



/

h

1

i6 BOTANICAL GAZETTE [july

in H. excellens the egg cells have different numbers of chromosomes^

owing to irregularities in the reduction divisions. When this form is

crossed with another species, the hybrids of the F^ have different

numbers of chromosomes. Whether this is the cause of the different

types in the F, is not ascertained.

It seems probable, or at least possible, that there is a connection

between the type of hybridization in Oenothera and the chromosome

numbers, though just what that connection may be is at present quite
4

unknown. Apparently whatever determines the twenty or twenty-

one chromosomes determines also that the parent shall have the O,

Lamarckiana characters. There is thus a possibility that this may be

found to have a bearing upon the cause of dominance and recessivity

in Mendelian hybrids, the characters of the individual being deter-

mined in this case by the presence or absence of the extra chromo-

somes. Cannon^s^° suggestion that the Mendelian segregation of

characters results from the segregation of maternal and paternal

chromosomes in the reduction mitoses is as yet a hypothesis without

proof, though Rosenberg's^^ recent paper, in which he states that in

the pollen development of the Drosera hybrid occasionally tw^o pollen

grains of the tetrad have the morpholog}^ of one parent and tw^o that

of the other, shows that in some cases, at least, segregation of char-

acters takes place at this point in the life history.

Practically the same theory of the segregation of the characters

and purity of the germ cdls in plant hybrids on the basis of the chromo-

somes (idants) was put forward by Weismann^^ in 1892, in connec-

tion with his theory of the germ-plasm. At this time the Mendelian

hybrids had not been rediscovered, and complete segregation of the

characters of the parental types w^as regarded as a rare occurrence in

hybrids. It may be worth while to quote Weismann's statement

(p. 299):

The germ-mother cells of the hybrid contain a group of idants (chromosomes)

derived from the paternal, and another from the maternal ancestral species. If

therefore the " reducing-division " halves the germ-plasm of these mother-cells in

20 Cannon, W. A., A cytological basis for the Mendelian laws. Bull. Terr. Bot.

Club 29:657-661. fig. I. 1902,

aJ Rosenberg, O., Erblichkeitsgesetze und Chromosomen. Botaniska Studier,

Upsala, pp. 237-243. figs, 5. 1906.

aa Weismann, ArcusT, The germ-plasm. Engliiih translation. New York. 1898.
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those of the father alone are contained in another, it is possible that two such

germ-cells may unite when fertilization takes place between these hybrids. In

such a case a plant completely resembling one of the ancestral forms would
arise, for it would have been produced from a germ-plasm which contains idants

of this species only.
w

He concludeSj however, (on a theoretical basis only) that this

rarely happens.

To obtain the Mendehan ratios in hybrids on the basis of the

purity of the germ-cells, it is necessary to assume that the mechanism
of the reduction mitoses regularly segregates the maternal and paternal

chromosomes, and that their distribution to the daughter cells in such

cases is not merely a matter of chance, or that a part merely of the-

chromosomes from one parent can determine the dominance of that

form. Rosenberg''^ has elaborated such a scheme of chromosome

segregation in connection with his study of Drosera rotundijoliaX

D. longifolia. He found that in the metaphase of the heterotypic

mitosis in the pollen mother cell the chromosomes of the two parents,

which can be dit^tinofnii^hpd bv fh^ir ciiV.p are not all oriented, with

em
from

daughter nuclei, their orientation on the spindle being thus determined

by chance. The Drosera hybrid does not show complete dominance,

hut is intermediate, some of the characters being nearer to cither

parent. The character of the hybrid in later generations has not yet

determined

Mendcli

that where the parents differ in one unit character this character will

be represented in the hybrid by a single Anlage from each parent. If

these Anlagen are assumed to be each represented by a single chromo-

some, the corresponding members of the other chromosome pairs being

qualitatively aHke, this would give, as Rosenberg'^ points out, a

cnromosome basis for Mendelian segregation of characters. In the

formation of the megaspores and microspores, half would contain

the chromosome representing the peculiar paternal character, and

'3 Rosenberg, O., Ueber Reduktionstheilung in Drosera. Meddel. Bot. Inst.

Stockholm, pp. 13. fig,_ 20. 1904.

"* DeVries, HuGo.lBefruchtung und Ba.stardierung. Leipzig, pp. 62. 1903.
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half the chromosome representing the maternal. The germ-cells

would thus all be pure in regard to this character, and in self-fertiliza-

tion of the hybrid, according to the laws of chance the usual percen-

tages of a Mendelian hybrid wQuld arise.

OTHER CYTOLOGICAL OBSERVATIONS
^ m

Several interesting cytological observations, a detailed description

of which will be presented at a later time, may be briefly stated here. In

the heterotypic mitosis in the pollen mother cells of the Lamarckiana

hybrid, the usual spHt in the chromosomes, in the anaphases, which

is generally described as a premature split for the homotypic mitosis

and is believed by many cytologists to be the reappearance of a spht

which occurred at the time of synapsis, occurs as described in my
former paper. In the early telophases, before there is any indication

of a nuclear membrane around the daughter nuclei or of the beginning
w

of a passage into the semi-resting condition, which occurs later, chro-

mosomes having the appearance of distinct tetrads are frequently

found. The indications are that this tetrad appearance, which is

often very clear and characteristic, may be due to the two halves of a

daughter chromosome (which were formed by the spHt in the ana-

phases of the heterotypic) remaining side by side and each becoming

clubbed at the ends, the portion between these ends in each remaining

only as a very delicate connecting thread. This gives the appearance

of four spherical bodies of approximately equal size, connected in

pairs in one direction by two parallel delicate threads. In other cases

the tetrads have quite a different shape, having rather the appearance

of a hollow ring drawn out sharply at the four comers. In still other

cases, in this telophase, chromosomes are seen having the shape of a

pair of spheres close together, or a dumb-bell, and often chromosomes

are found at this stage showing no indication of even a double nature,

but appearing univalent. This variation in form does not obscure the

distinctness of the chromosomes, which are usually clearly distinguish-

able from each other at this time, and easily counted.. AH these

different forms may be found together in the same nucleus, though so

far as observed one form usually predominates in a given telophase.

Figures showing these appearances will be pubUshed later.

In the homotypic mitosis, as observed in O. Lamarckiana^ the
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mes usually become t

3 arises from the pear

^ not been determined

Just

mitosis

chromosomes are nearly always two-Iobed or dumb-bell-shaped and
can be readily counted (seven in O. Lamarckiana) in this condition.

They soon become more or less irregular in outhne, however, as the

nuclei pass into the resting condition, but this characteristic shape

time

membrane
Several interesting features have appeared in connection with the

examination of nuclear divisions, in various somatic tissues, a work

t com
time "^

All the tissues examined

mother observed

examined

lata^ O. Lamarckiana^ and the Lamarckiana hybrid), except for the

number In the tissue of the anther

wall and in the rapidly dividing tissues of the young petals, in both of

which a great many chromosome counts were made, the chromo-

somes are crescents, rods, or loops in metaphase and the early ana

phases, the apices of the loops converging in telophase to the poles

of the spindle. In the telophase these chromosomes also become

two-lobed or dumb-bell-shaped. This shape is ery

and constant, or at least occurs very at this

stage. Observations which

chromosomes This

very

formed chromosomes can

counted at this time, and the number is apparently constant in each

form. It seems probable that this clubbing of the ends of the chromo-

somes to form dumb-bells or two-lobcd chromosomes in the telophase

tens

telophase of the heterotvpic mitosis, giving rise to the tetrad appear

ance
.
and in the telophase of the homotyp

lobed or dumb bell-shaped chromosomes. Whether

appearance is m all these cases

mitosis cannot at present be dctc
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mined. The paucity of investigations on the somatic mitoses in

plants leaves open the possibility that some of the phenomena of the,

reduction mitosis to which a special significance has been attached

may find their counterpart in ordinary somatic mitoses. It is believed

that further study will settle the interpretation of these appearances-

Measurements have shown that the size of the cells, nuclei,

and chromosomes in the anther wall is on the average approxi-

mately the same as in the petals, though there is considerable varia-

tion in the size of the cells of the latter. It is interesting to note that

w^hile the chromosomes in the somatic tissues are loops in the meta-

phase and early anaphases, in the pollen mother cells the chromo-

somes are usually spherical or pear-shaped in these stages of both the

reduction mitoses. This difference is- very striking. In the telophase*

of the homotypic, however, the characteristic shape is apparently the

same as in the corresponding stage of somatic mitoses, that is, two-

lobed. Measurements indicate that the somatic chromosomes are at

this stage considerably smaller than the homotypic chromosomes,

though there appears to be much variation in the size of the former.

SUMMARY

1. In my previous paper the sporophyte number of chromosomes

in O. lata was found to be fourteen, and in the Lamarckiana hybrid

obtained by crossing O. lata with O. Lamarckiana pollen, at least

twenty. The number of chromosomes is now found to be twenty or

twenty-one constantly in all the plants of the Lamarckiana hybrid

examined, while the number in the pure O. Lamarckiana,'^^ as well as in

O. lata^ is fourteen, the reduced number being seven. These results

are obtained from a large number of counts in various stages of the

reduction mitoses and also in the somatic divisions (floral tissues).

Thus the pure O. Lamarckiana and the Lamarckiana hybrid, which

are identical in external appearance, differ widely in the number of

their chromosomes.

2. The origin of the bodies called heterochromosomes, which are

present in the reduction divisions in all the forms studied, is a matter of

25
J. M. Geerts, in a short paper just received (Ueber die Zahl der Chromo-

somen von Oenothera Lamarckiana, Ber, Deutsch. Bot. Gesells. 25:191-5. pL 6.

1907^, also finds that the sporophyte number of chromosomes in the pure O. Lamarck-

iana is 14 and the gametophyte number /•



1907] GATES—HYBRTDIZATION OF OENOTHERA MUTANTS 21

doubt, and until their mode of origin is ascertained no significance can

be attached to them.

3. In the telophase of the heterotypic mitosis in the pollen mother

cells of the Lamarckiana hybrid, the chromosomes frequently have

distinctly the form of tetrads. In the homotypic mitosis of O.

Lamarckiana^ as well as in the somatic mitoses (in various floral tis-

sues) in all forms studied, the chromosomes are two-lobed in the telo-

phase- The tetrad appearance is probably due to the same lobing

of the bivalent chromosomes that takes place in the telophase of the

homotypic and somatic mitoses*

This investigation has been carried on under the supervision of

Professor John M, Coulter and Dr. Charles J. Chamberiain,

The University of Chicago



MORPHOLOGICAL AND ANATOMICAL STUDIES OF
THE VEGETATIVE ORGANS OF RHEXIA

/- Theo, Holm

(with plates I AND II)

An anatomical classification of the Melastomaccae has been pro-

int
n

Melastomeae and Memecyleae. In the former

:ondary
p ri

^ « \ i

B groups of leptome m as many concentric bands as
_ _ Ik

the stem shows annualrings. The Melastomeae comprise four sub-

tribes: Dermomyelodesmeae, with supernumerary mestome strands

in the cortex and pith; Dermodesmeae, with supernumerary mestome
r

r

strands in the cortex alone; Myelodesmeae, with supernumerary

mestome strands in the pith alone; and Adesmeae, without super-

numerary mestome strands. The Memecyleae comprise two sub-

tribes : Pternandreae, without sclereids in the leaves ; and Mouririeae,

with sclereids in the leaves. The genus Rhexia belongs to the Der-

momyelodesmeae.

Among other anatomical works may be mentioned those by

Pplaum/ Palezieux,^ and Vochting/ and also a very detailed

diagnosis of the family in Solereber's Systematische Anatomie der

Dicotyledonen (p. 405).

It would thus appear as if the family had already been treated

to such an extent that little if anything of real importance could be

addedj a fact fully appreciated by the author. However, the study

of internal structure is not always accompanied by a corresponding

treatment of the external^ and so far the Melastomaccae have not

1 Classification anatomique des Melastomacees. Bull. Soc. Bot. France 38:

114, 1891,

2 Anatom.-systemat. Untersuch. d. Blattes der Melastomaceen. Diss. Munchen,

1897.

3 Anatom.-systemat. Untersuch. d, Blattes der Melastomaceen, Bull. Herb.

Boiss. 7: appendix v. 1899.

4 Der Bau und die Entwickelung des Stammes der Melastomaceen. Hanstein's

Bot. Abhdl. 3:1. 1878.

Botanical Gazette, vol, 44] [22
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yet been thoroughly investigated. The monograph contributed by
CoGNiAuxs is purely systematic and adds nothing to the natural

history of these interesting plants. Copious as is the literature, very

little attention has been paid to the following questions: how the

plants grow, how they develop from seeds to mature plants, and
how well the structural characteristics are preserved under various

conditions.

most widely distributed in America, very

north

that occurs in the United States and Canada, with about ten species.

Two of these, R. virginica and R. mariana, occur in the District of

Columbia, the former extending as far north as Ontario, the latter

to New Jersey. They both inhabit sandy swamps, associated with

Lilium superbum, certain Cyperaceae (Scleria, Fimbristylis, Scirpus,

and Carex), Polygalaceae, Violaceae, etc.

Having had the opportunity of studying these two species in the

field at various seasons, I have found several points in their external
F

Structure which have not hitherto been described, and which may serve

as a small contribution to the knowledge of the life-history of these

I
interesting plants. To this is added a brief anatomical description

of the vegetative organs, and especially of the roots, since these have

not been studied heretofore.
1 .'

Rhexia virginica L.
f

While studying the vegetative propagation exhibited by representa-

tives of the local flora, I never was able to find any specimen of this

species with a rhizome as described in the various manuals. Accord-

ing to Britton, "Gray, and Small, this species should possess "hori-

zontal, slender, and tuberiferous rootstocks." That this statement

is very incorrect may be seen from the following notes, in which I

shall endeavor to show that the underground organs described as

tuberiferous rootstocks are simply tuberous roots; and that the devel-

opment of root-shoots is of great importance to the plant, being its

only means of vegetative propagation.

Root-shoots of adult specimens, like those of figs. 3 and 4, do not
-

give any clear idea of the remarkable way in which this herbaceous

5 DeCandolle's Monogr. phan€rog. 7:385. 1891.
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plant persists. In fig. j a root-shoot is represented which at first

glance may suggest a *^ slender tuberiferous rootstock" with a basal

stem-portion, subterranean and covered with scale-like leaves. In

fig. 4, however, a larger tuberous body is seen, from which several

stems have developed, whose irregular position does not indicate

that they have arisen from the axils of opposite leaves. As a matter

of fact, there are neither leaves nor leaf scars to be observed upon

this tuberous organ. The ^^ rhizome'' represented in fig, 4 is the one

most frequently found in flowering or fruiting specimens. A closer

examination shows that the tuberous organs are not tubers, but tuber-

ous roots. Moreover, in fig. j the small tuberous body is borne upon

a slender branch, which is seen to be a secondary root and not a stolon,

since it bears no leaves. If these organs were stems, they would have

been provided with opposite leaves like those of the aerial shoots,

and the shoots would necessarily have occupied a much more definite

position than those shown in fig. 4. Moreover, the internal structure

of these organs proved to be that of a true root. This is the only type

of *^ rhizome'' that I have found in the very many flowering and fruit-

ing specimens examined.

The development of root-shoots is a phenomenon very frequently

observ^ed in our herbaceous and woody plants, but thus far we know
a very limited number of plants that persist only as root-shoots. It

was very desirable, therefore, to study the younger stages and especially

the seedlings of Rhexia. On account of their diminutive size they

are difficult to find in nature, since they are always more or less

hidden by the rank vegetation that covers the swamps. However,

I succeeded in detecting some small patches of young plants among
which there were many seedlings. One of these is shown in fig. i,

which represents the complete root system, the very small epigeic

cotyledons {Cot)^ and the basal internodes of the aerial shoot. At

this stage the primary root {R) is the main root of the young shoot;

it bears several lateral and very thin branches, two of which are oppo-

site and developed beneath the cotyledons. These two roots com-

mence to swell, and during the summer they show a local thickening

in the shape of a fusiform tuber (r). A few secondary roots sometimes

develop from the first intemode a short distance above the cotyledons.

At the end of the first season the shoot dies down to the ground, and

1
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the primary root withers with the exception of the two lateral swollen

branches, which winter over as two separate roots*

In the following spring a young shoot develops, with scale-like,

opposite leaves at the basal nodes, and with several pairs of secondary

roots from the nodes, while a dark-colored tuberous body occurs at

the base of the shoot. One or more of the secondary roots soon com-
mence to increase in thickness, forming fusiform tubers like the

one described above on the root of the seedling. Fig, 2 shows a

root-shoot; the short, dark tuber at the base of the shoot represents

the lateral tuber of the seedling (r in jig. i), and the shoot is developed

not from the base of the tuber but from its upper face. If the shoot

had continued the axis of the swollen root, there would have been a

persistent primary root, but such a case was not observed ; the shoot

invariably occupied the position shown on the root marked r in fig. 2,

where a bud is seen near the base on the upper face of the tuber.

Thisbud is to develop a new and independent plant during the next year.

The specimen thus described {jig. 2) represents the root-shoot of

the seedling and lives only one year, the persisting part belonging to a

secondary root. H
development

and the tuberous roots much larger. The secondary roots develop

in pairs from the nodes, betw^een the opposite scale-like leaves. These

foots are quite long, branch freely, and are able to produce shoots

as described above. Although the underground portion of the stem

bears several leaves, none of these were found to subtend buds, and

the shoot dies down completely at the end of the season. The tuber-

ous roots, on the other hand, may live for three years, if not longer;

When
H

An
{H

ring stage is shown in fig. 5. The tuber occupies

here a horizontal position, and the shoots for the next year arc already

visible as buds on small stems with scale-like leaves and quite distinct

intemodes; the place of development of these minute shoots is along

the upper face of the root. It is only when the tuber occupies a

more or less vertical position that the shoots show a tendency to push

out from near the apex, as may be seen in iig. 3.
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Rhexia virginica^ therefore, exhibits a very singular type of vegeta-

tive propagation, that is, one restricted entirely to the development

of root-shoots.

THE INTERNAL STRUCTURE OF THE VEGETATIVE ORGANS

The roots

The secondary and lateral roots and the slender portions (apical

and basal) of the tuberous roots have the same structure, modified

only by age. In the tubers, on the other hand, there is a very different

structure, since they remain active for a longer time and are the seat

of a continuous development of aerial shoots, vegetative or floral.

In the capillary lateral roots the primitive root structure remains

unchanged, since they persist only one season. In the slender second-

ary and stronger lateral roots, which develop from the tuberous

portion, the structure becomes changed at an early stage on account

of the development of cambial strata from the conjunctive tissue on the

inner face of the leptome strands, resulting in an increase in thick-

ness of the stele and a gradual obliteration of the primitive structure.

These roots may persist and remain active, therefore, for a longer

time than do the capillary roots. However, the increase in thickness

of the stele does not always cause a rupture of the surrounding tissues,
r

accompanied by secondary formation (cork and secondary cortex);

the endodermis, cortex, exodermis, and epidermis often remain

entire for some time. As soon as the development of cork com-

mences (in Rhexia from the pericambium), the peripheral tissue

necessarily becomes broken, though without being thrown off.

A much greater increase in thickness is seen, of course, in the

tuberous roots. In them, even during the very first period of their

growth, the activity of the pericambium is so rapid that the peripheral

tissues from endodermis to epidermis are thrown off completely, and

are replaced by strata of cork and secondary cortex originating from

the pericambium. Hence the structure of the tuberous roots shows

a marked deviation from that of the other roots. In jig. lo there are

shown the several layers of cork (P), the broad parenchyma of second-

ary cortex (C), and a continuous circle of cambium strata surround-

ing a broad cylinder of thin-walled parenchyma in which the long

but very narrow rays of mestome radiate from the primitive root-stele.
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The number of mestome strands varies in accordance with the thick-
w

ness of the tuber; the largest number observed was ten, representing

the growth of one season.

The minor structure of these various tissues seems to be ver}^ uni-

form. The absence of ducts, stereids, and sclereids makes the

structure quite simple. The epidermis is sparingly hairy or per-

fectly smooth. The exodermis is thin -walled and consists of one
layer of cells pentagonal in cross-section, whose walls are not con-

tractile. The cortex is thin-walled throughout and frequently shows

radial collapsing; some of the cells contain druids of calcium-oxalate,

but no deposits of starch. The endodermis is thin-walled also and
shows the Casparyan spots very plainly; it surrounds a continuous peri-

cambium of a single layer, A few strata of more or less thick-walled

conjunctive tissue occur in the center of the stele and between the

leptome and hadrome. In the tuberous roots the cork is well repre-

sented {figs. II and 12), and the secondary cortex is compact, though

exceedingly thin-walled (C in fig. id). The secondary leptome {L in

fig. 10) shows a v^iy few cells, and the hadrome {H in fig. id) consists

of several wide vessels separated by thin-walled parenchymatic tissue

and by very broad rays of radially stretched parenchyma between the

mestome bundles.

The section shown in fig. lo is from the tuberous root of the young

shoot shown in fig. 2, upon which a small bud is visible. The
root is in its second year and shows the enormous increase in propor-

tion to the very narrow primitive stele with the short rays of hadrome

{PH and H). The other section {fig. 13) is from an older and

much thirkpr tnKf^ri^nc rnrkf \n wViiVli tTip number of vessels is laruer

ome

matic tissues attain a high development in

of starch. It is to be noted also

deposits

primitive stele, and that the* central port

stele has no pith, but only a few strata of conjunctive tissue.

The stem

body

cylindric. The cuticle is thin, but wrinkled; the cells of the epider-
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mis are small, and moderately thickened in the wings. Hairs of

two kinds are frequent : short and clavate ones {-fig. g), and some very

long ones, with slender pluricellular stalk and a small globular head,

the apical cells being extended into papillae {fig. 6) ; they both represent

glandular hairs. The cortex is thin-walled and contains chlorophyll,

besides druids of calcium oxalate; no palisades were observed. A
com

medullary

thick-walled. The inner leptome represents much larger groups than

the outer, and an isolated leptomatic strand {fig. 14) occupies the

center of the pith. This central leptome may be followed through the

entire length of the stem, but in the basal internodes it is accompanied

by a few vessels which it partly surrounds ; thus the structure becomes

approximately hadrocentric. The pith is thin-walled and contains

neither starch nor druids.

As a member of the Dermomyelodesmeae, Rhexia possesses also

some mcstome strands in the cortex, and these occur in this species

only in the wings, three in each wing and very small, but containing

a few elements of leptome and hadrome.

With the exception of an occasional thickening of the cortex in the

wings, like a very feeble collenchyma, there is no mechanical tissue;

in the basal internodes the epidermis and cortex are thrown off, while

the endodermis remains intact and about four layers of pericyclic

cork are developed. It is in these internodes that a central mestome

strand occurs, with both leptome and hadrome.

The shoot is terminated by a flower whose peduncle, although a

direct continuation of the stem, shows a somewhat modified structure.

It is cyh'ndric, but wingless, and the cortex contains no chlorophyll.

The mestome strands are bicollateral, but the inner leptome forms an

almost continuous band close to the hadrome, while in the stem inter-

nodes the inner leptome occurs as several distinctly separate strands-

No central leptomatic^trand was observed in the pith.

The leaf

The structure is bifacial. The cuticle is wrinkled on the upper

face, but does not show any prominent striation. Viewed en face

the lateral cell walls of the epidermis are undulate on the dorsal
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surface but straight on the ventral; the outer cell wall is moderately

thickened, and the lumen of the cells is much wider on the upper
) than on the lower face. Hairs like those described above are fre-

quent, but the clavate ones occur only on the dorsal face, where
the stomata also occur. These are level with the epidermis and are

surrounded mostly by four cells of the same structure as the other

epidermal cells, that is, the lateral walls are prominently undulate.

There is a typical palisade tissue of one layer, and beneath this a

pneumatic tissue of about four strata with very wide intercellular

spaces. Viewed en face the cells of the pneumatic tissue are star-

shaped, interspersed with roundish cells containing druids of calcium-

oxalate. very

portion of the blade, where the very broad midrib is located. The
cuticle is here wrinkled oq both faces, and the lumen of the epidermal

cells is narrow, A large colorless parenchyma forms a broad keel

underneath the midrib, and is thin-walled except where it borders

the epidermis. No true collenchyma, however, is developed in any

part of the blade, and no stereome. The midrib has no parenchyma

sheath and contains one broad, arch-shaped, bicollateral mestome

strand and a small supernumerar}^ (fig. 15). This small mestome

strand shows the leptome above the hadrome, and is separated from

the midrib by a few strands of colorless tissue.

The very prominent lateral ribs show the same structure as the

median, being bicollateral and covered by a colorless tissue on both

dorsal and ventral face.

Rhexia mariana L.

All the specimens examined proved to be root-shoots. Some of

them were quite young and vegetative, but I was unable to detect

seedlings.^ This species differs markedly from R. virginica in possess-

ing no tuberous roots. The roots that produce the shoots are horizon-

verv

observed 1

k

thinner, lighter brown in color, and branch freely. The shoots in

The figured

(1:545), but no mention is made of the further growth or as to the occurrence of

root
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this species are able to persist more than one season, since the buds

borne on the basal nodes remain active and produce new shoots in the

next year. But, as stated above, young as well as old shoots may be

observed among each other on the same root, and consequently on

its upper face. Two to four slender secondary roots develop from

the basal internodes of the older shoots. No specimen was found

in which there was any indication of the primary root, and it would

be very interesting to know whether the seedling of this species

behaves in the same way as that of R. virginica.

THE INTERNAL STRUCTURE OF THE VEGETATIVE ORGANS

The roots

very

may rmis

produce hairs; the exodermis consists of a single layer of thin-

walled, pentagonal cells that are larger than those of the adjoining

cortex. The cortex is of five layers of thin-walled cells, with wide,

rhombic, intercellular soaces: druids but no denosits of starch were

pericamb

rays

observed. A thin-walled endodcrmis and a continuous
4

surround five groups of leptome, alternating with fi

of hadrome; while the center of the stele is occupied by a narrow

cylinder of moderately thickened conjunctive tissue.

In the thicker and stronger roots, lateral or secondary, the cortex

frequently collapses radially, and there is increase in thickness; how-

ever they do not increase as much as do the roots of the foregoing

species, and never become tuberous. Cork is developed when the

secondary leptome and hadrome begin to appear, arising from the

pericambium.

As stated above, the roots of this species are very long and grow
horizontally and in several cases an excentric growth was noted.

In old roots the epidermis and exodermis are partly thrown oflF, and
the corlcx is collapsed almost throughout. The stele, however, is

protected by four or more strata of cork, within which there arc stereids

scattered in small groups outside the leptome; the secondary rays

from

also
u

in the central part of the stele. No starch was observed
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I

The stem
'

The basal intemodes are cylindric; those above are obtusely

quadrangular, with four very narrow wings; hairs like those described

under the foregoing species cover the stem. The cuticle is very

prominently wrinkled, and the epidermis is thin-walled. The cortex

is broken down in wide lacunes in the basal internode, but solid in

the upper internodes. No collenchyma or stereome was found in

the stem. There is only one small collateral mestome strand in each

of the four wings, and sometimes one or two between them. The
stele represents two arches within the slightly convex faces of the

stem, and consists of bicollateral mestome strands with much leptome

on the inner face of the hadrome. The pith is thin-walled and does

not contain any isolated central strand of leptome; neither druids

nor starch were observed. Pericyclic cork is developed, but only

in the basal intemodes.
J

The leaf

The cuticular striations over the ventral epidermis (figs. 8 and/^),

which radiate toward the center of the outer cell wall, are characteris-

tic of the leaf structure. The lumen of the epidermis is considerably

wider on the ventral surface than on the dorsal, and the stomata

. {fig- 7) are not confined to the latter. They show the same structure

as those of the other species, and some were noticed on the ventral

face of the leaf-blade. Hairs of both kinds described above are
w

scattered over both faces, and also along the margins. The chloren-

chyma shows the same structure as observ-ed in R. virginica, but the

pneumatic tissue is less open. The midrib lacks the supernumerary

ventral mestome strand, but otherwise the structure of the veins is

identical with that of the former species.
*

Summary-

Considered from an anatomical point of view, these two species

niay be distinguished from each other by the following contrasting

characters:

R- virginica,—Roots tuberous where the shoots develop; no

stereids outside the leptome of the root; stem broadly four-winged,

^ith three mestome strands in each wing; one central mestome strand

"1 the pith; no cuticular striations above ventral epidermis of leaf;
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stomata only on dorsal face; midrib with a supernumerary mestome

strand; clavate glandular hairs on dorsal face of leaf.

R. mariana.—Roots slender throughout; stereids outside the

leptome of the root; stem narrowly four-winged, with one mestome

strand in each wing; no central mestome strand in the pith; cuticular

striations very distinct above ventral epidermis of leaf; stomata on

both faces of leaf; midrib wdthout a supernumerary mestome strand;

clavate glandular hairs on both faces of leaf-

Common to both species are the bicoUateral mestome bundles

of stem and leaf; the absence of specialized subsidiary cells around

the stomata; the absence of mechanical tissues (stercome and coUen-

chyma); the occurrence of two types of glandular hairs; the bifacial

structure of the leaves; and the ability of the roots to produce shoots.

Vegetative propagation, therefore, depends upon the development of

root-shoots, and, upon examining herbarium material, the same mode

of propagation was found in R. lutea Walt., in which the roots are very

long and slender, and the base of the shoot may persist for more than

one season, R. lanceolata Walt., R. serrulata Nutt,, and R. ciliosa Michx.

All agree with R, mariana in the roots being slender and able to pro-

duce shoots. In R. serrulata one specimen appeared as if it was a

seedling and blooming in the first season; and one specimen of R.

floridana "Nash had a tuberous root in addition to the slender, shoot-

bearing root.

I believe that Rhexia must be placed with that type of plants in

which the production of root-shoots is necessary to the normal devel-

opment of the individual. It is a type poor in representatives, and

WiTTRocK enumerates species of Cirsium, Linaria, Convolvulus,

Thesium, Coronilla, Epilobium, and Euphorbia as representing it.

Thladiantha dubia Bge. doubtless belongs to this same category,

according to Sachs,^ who states that ''the yearly regeneration is

dependent upon root-shoots which develop from tuberous swellings

of the very long and slender roots." The internal structure of the

roots of this curcurbitaceous plant is described by Scott and

Brebner,^ but is very different from that obser\Td in Rhexia.

Brookland, D. C.

7 Vorlesungen iiber Pflanzen-Physiologie 28. Leipzig. 1882.

8 Annals of Botany 5:273. 189c.

i
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EXPLANATION OF PLATES I AND II

PLATE I

Rhexia virginica

Fig. I. Seedling, showing basal internodes, cotyledons {Cot)^ primary root

{R)y and a lateral root with the tuberous swelling (r). X i

Fig. 2. A root-shoot developed from tuberous root of seedling; a lateral

root swollen (r) and showing bud which will develop a shoot during next season.

Natural size.

Fig. 3- The underground portions of a mature root-shoot; one of the second-

ary roots bears a tuber. Natural size.

Fig. 4. An old tuber with shoots. Natural size.

Fig. 5. An old tuber with buds. Natural size.
A

Fig. 6. Apex of a long glandular hair. X320.
F

PLATE J

I

Rhexia mariana

Fig. 7. Epidermis of lower face of leaf. X320.

Fig. 8. Epidermis of upper face of leaf. X320.

Rhexia virginica

Fig. 9. Glandular hair. X320.
Fig. 10. Transverse section of the tuberous root of fig, 2, showing cork (P),

secondary cortex (C) with druids, leptome (Z), cambium {Cam), hadrome (iJ),

and protohadrome {PH). X204.
Fig. ii. Cork of the same tuber. X320.
Fig. 12. Cork of an older tuber, y.2^20.

Fig. 13. Transverse section of an old tuber, showing outermost part of a

mestome strand; index letters as above. X320.
Fig. 14. Central leptome strand of stem. X320.
Fig. 15. Ventral supernumerary vein of leaf, also showing thick-walled

colorless tissue {Coll), leptome (L), and hadrome (if). XS^o.

Fig. 16. Transverse Rhexia mariana section of ventral epidermis of leaf.

X320.
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THE SPORANGIUM OF THE OPHIOGLOSSALES

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY
XCIV

L. L. BURLINGAME

(with plates III AND iv)

The sporangium of the Ophioglossales has been studied by
J'

russow ('92), goebel ('80, '81), holtzman (*92), rostowzew

('92), Campbell ('95, 105), Bower ('96), Cardiff (:o5), Stevens

(:o5); and Beer (:o6). Of these the last three concern themselves

elopment

gium and with the development of the spores up to the time of shed-

ding. The former investigators devoted their principal attention to

the early stages of sporangial development. Of their accounts,

Bower's is the most comprehensive and, so far as the earlier stages

of Ophioglossum are concerned, the most satisfactory.

In the fall of 1906 there came into my hands, through the courtesy

of Professor John M. Coulter and Dr. Charles J. Chamberlain,

some fertile spikes of Ophioglossum reticulatunij which had been

collected by Dr. H. N. Whitford at Lamao, Bataan, Philippine

Islands. The spikes, from plants growing at an altitude of seventy-

five feet above sea level, were collected July 26, 1904, killed and fixed

in chrom-acetic acid, run up through the alcohols to 70 per cent., and

sent to Chicago.

With the completion of this investigation each of the three genera

of Ophioglossales will have been studied throughout the entire period

of development of the sporangium and spores up to the time of shed-

ding, so that a discussion of the development of the sporangium

in the group seems timely. In this discussion Ophioglossum will be

made the type, with frequent comparison with the other genera.

The material of O. reticulatum showed no stages earlier than those

h
and the sporogenous

short of the mother-cell stage. necessary

from the writiners of form

y

I

Botanical [34
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Earlier stages

OPHIOGLOSSUM
w

According to Bower, the first indication of the regions from which

sporangia are to form is the differentiation along each side of the

spike of a band about two cells wide. The cells of this band are

distinguished from their neighbors by a greater depth, a difference in

arrangement, and diflferences in cell contents. He calls this the spo-

rangiogenic band. The cells are for the most part arranged in pairs,

but he does not regard this as sufficient evidence of their common
origin, for he says that if the cells concerned in forming a single

sporangium originate from a single cell, it must be very early in the

formation of the spike. Nor did he succeed in distinguishing them
at a stage so early as to enable him to trace their origin. At a slightly

earlier stage, Goebel figures the band as only in part two cells wide.

His figure seems to support his contention that the band becomes two

cells wide by the longitudinal anticlinal splitting of the cells of a band
but one cell wide. Some of Bower's i

arrangement of the cells in the band. In these cases, as he clearly

points out, it is much less easy to refer the origin of the band to a

smgle row of cells. It is not unlikely that the difference of opinion

IS due to the recognition of the band at slightly different stages in the

growth of the sporangial spike, for it is not unusual for subsequent

growth to displace cells so as to render their relationship to one

another obscure. Whatever may be the exact mode of origin of this

band, the really important point is that sporangia may arise in any

part of it, though in fact they do not arise in all parts of it. It is this

partial sterilization of a band potentially sporangiogenic throughout

on which Bower lays special stress.

The cells of this sporangiogenic band divide periclinally, sepa-

&

primary

orium

band

lorium. Goebel, with whom Campbell

rmmagrees, thinks the archesp
claims a unicellular archesporium, but Russow conti

cell-complex. From such divergent opinions the tru

choose, though it seems not unlikely that the band may

also
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while only one cell wide^ and that the first division in each cell is

periclinal and cuts off the potentially sporogenous cells from' the ones

destined to form wall and tapetuni. The outer segments, according

to Bower, by repeated division add considerably to the sporogenous

tissue. It is soecificallv stated and

implied by Campbell, that the tapetum arises from the outer part of

the sporogenous tissue.

pendulu

pendul

GoEBEL and Rostowzew.

Later stages

ment

material

be taken up conveniently under three heads: the w^all, the tapetum,

HELMINTHOSTACHYS AND BOTRYCHIUM

In Botrychium virginianum Holtzman figures the sporangium as

arising from a single celL Writing of Helminthostachys, Bower
says: *^The sporangia are similar in origin and mature structure to

those of Botrychium, the essential parts being referable to a single

superficial cell, of which the first periclinal division defines the spo-

rogenous from the protective parts." In agreement with Russow he

thinks that in at least some species of Botrychium the archesporium

may consist of more than one cell. Goebel and Cardiep think the

archesporium in B. lunarla and in B. virginianum is one-celled.

Campbell likewise thinks that the archesporium of Botrychium is a

single cell and that the entire sporangium is referable in origin to this

one superficial cell. He ascribes the origin of the tapetum partly to

the wall and partly to the outer sporogenous tissue. Goebel figures f

it arising from the wall and sterile cells surrounding the sporogenous

tissue. Cardiff also is positive that it comes wholly from the wall

and tissue outside of the sporogenous mass. In Helminthostachys

Bower has shown that the sporangium originates from a single super-

ficial cell, that there is a single primary sporogenous cell, and that the

tapetum arises from the wall.

sporogenous
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THE WALL

Owing to the conflict of opinions^ the youngest material at hand
was examined for evidence of the origin of tapetum and sporogenous

tissue- These sporangia have a wall three cells thick, or in some
cases the spindle and beginning of the wall between the middle and

innermost cell. Fig. i shows the next stage, where the wall is three

or four cells thick. WHiere the wall is four cells thick and the position

of the walls indicates the last one formed (wall i in the figure), the

division is seen to have occurred in the outer cell of the three-layered

wall. The fifth layer of cells also arises in a similar way by the

division of the cells of the outer layer of a four-layered wall (figs, 2
i

and J, wall i). This is made clearer by an examination of the cell

row between the two containing five each in fig, 2. It may be seen

that the next division will occur in the outer cell.

The order of development may be stated in the reverse order as

follows: If the cell layers be numbered from within outward j, 2, j,

4^ 5, then 5 and 4 arose from the division of a cell which we may call

c. In like manner c and j arose from the division of a cell h. As

already pointed out, i and 2 arose from the division of a cell a. The
tapetum is already formed and differentiated at the two-layered stage

of the wall, so that two suppositions may be entertained in regard to
,

the early history of the wall. First, a and h may have been derived

from the division of a cell w, sister to the tapetal cell. Second, cell a

and the tapetal cell may be sister cells derived from the division of a

cell sister to h. Of these two suppositions, both of which assume

the tapetum to have oriprinated from the wall, the former seems the

more probable. That the tapetum does arise from the wall seems to

be indicated by the close similarity of its cells in shape and position

to the tabular wall cells and their contrast to the polygonal sporoge-

nous cells. In the very earliest stages observed it is difficult to

distinguish tapetal cells from wall cells except by position, though the

sporogenous cells are easily distinguishable in almost all cases. It

is not unlikely that the first division of the cell (or perhaps cells) of

the sporangiogenic band is a periclinal one and separates the primary

sporogenous from the primarj^ wall cell. A periclinal division of the

latter separates the primary tapetal cell from the wall cell, subsequent

divisions of which produce the five-layered wall. If this interprera-
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tion be accepted, then Ophioglossum agrees with the other genera in

the origin of sporangium, wall, primary sporogenous cell, and tapetum,

This regularity of division is limited to the part of the outer wall

which from its position may be inferred to have arisen from the

sporangiogcnic band. In other parts of the wall, not only is the

division less regular, but the number of layers is greater. Further-
i

more, longitudinal sections show that probably this regularity is still

further limited to the cells derived from the initial cell (or cells) of

the sporangium.

By the time the sporogenous tissue has reached the mother-cell

stage, the wall has its full number of cell layers. The further develop-

ment of the wall consists of an increase in size of the hypodermal cells

in the tangential plane, without any increase of thickness, and a

growth and anticlinal division of the epidermal cells. In mature

sporangia the epidermal cells are relatively deep and narrow, with

thickened outer walls. Fig. 7, which shows a sporangium at time of

dehiscence, may be compared with fig, 6, from a sporangium whose

sporogenous tissue had reached the stage of young tetrads. Fig. 7

has just half the magnification of fig. 6^ from which it is evident that

the epidermal cells have just about doubled their depth, and have in

some cases decreased in width through anticlinal division- As

already remarked, the hypodermal cells do not increase in thickness,

but become extended laterally as the sporangium enlarges. From
about the time the young spores begin to round up, they gradually

lose their cell contents and become flattened as growth of the sporan-.

gium progresses. Sooner or later the walls of the inner two or three

layers, and often all the hypodermal layers, disappear. In fig. 7
portions of the walls of two layers can be traced, but in other cases the

only remains consist of a line of debris between the spore-mass and

the epidermis.

At the earliest stage examined, the wall cells contain considerable

starch, which increases up to the time the wall has attained its full

number of cell layers. After this, which is about the time the tapetal

Plasmodium invades the crevices of the sporogenous tissue, it gradually

wastes away, until none at all is present at time of dehiscence. Its

disappearance may be connected with the accumulation of starch in

the tapetal plasmodium, a matter which will be discussed subsequently.
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Longitudinal sections (figs. 6 and 7) show the method of dehis-

cence. About the time the young tetrads are forming, each sporangium

j

shows a slight transverse groove. Fig. 6 shows that this corresponds

to a band of smaller thin-walled cells. The groove becomes
more pronounced through the failure of the epidermal cells along it

to increase in depth as fast as the neighboring ones. Finally a rupture

of the sporangium occurs along this groove, probably due to strain

set up by unequal growth. The spores are shed through this slit,

which, so far as the material at hand indicates, seems to play a purely

passive role in the process.

I

^

i

\

THE TAPETUM

The youngest stage of the tapetum observed is shown in fig. i.

That this probably originates from the first periclinal division of the

primary wall cell has already been pointed out. It divides periclinally

once (sometimes oftener, as shown in fig. 5), before the cells of the

sporogenous tissue have reached the mother-cell stage. Usually no

more strictly periclinal divisions occur. As the sporangium grows,

the tapetal cells elongate and divide obliquely {figs. 2, j, 5). Fig. 3
presents a regional view of about one-half of a sporangium with the

tapetum well developed and distinct at the left of the figure, where it

• "flay be supposed to be derived from the primary wall cell. At the right

of the figure the tapetal cells are not easily distinguished from the

sporogenous tissue, and their origin is not clearly indicated, though

they seem rather more closely related structurally to the sporogenous

cells than to the sterile cells around them on the outside. In Botr>xh-

ium GoEBEL has shown that this part of the tapetum arises from

the sterile cells outside the archesporium. In the present study no

clear evidence for either view was obtained, owing to lack of young

sporangia

observed^i lilt; earnest ot)served stage tne tapetai ceiis are uibnnguisnauxi,

from the sporogenous tissue by staining reactions of the cell contents

and by the position of the walls. They are less easily distinguished

from the wall cells, but are on the whole slightly thicker radially.

The cytoplasm is clear and highly vacuolate and so takes the stain

lightly. It does not contain starch nor any form of stored food

In this respect it differs from themicroscope
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cytoplasm of the inner wall cells, which even at this stage contain a

little starch; the outer wall cells contain considerable at this time.

The tapetal cytoplasm was not observed to contain any starch until

after the walls have broken down. The walls themselves are from

the first very delicate, but are sharp and distinct when properly

stained, so that there can be no mistake as to their presence. In this

respect Ophioglossum seems to differ from B. virginianum, whose

tapetal cells, as described by Stevens, are delimited by a plasmatic

membrane only. Cardiff, who studied, the same species, does not

mention this circumstance, and Beer calls attention to the fact that

it is not true in Helminthostachys. The nuclei are about 20/* in
J rt

diameter, but vary somewhat both in size and shape. They stain

rather deeply and are generally not otherwise distinguishable from

the nuclei of the wall cells.

When the mother-cell stage is reached, the tapetum is at least two-

layered throughout and its w^alls have become very thin and about

this time have begun to break dow^n. The cytoplasm of the neighbor-

ing tapetal cells mingles and forms a plasmodium, as described by

Cardiff for Botrychium. In Botr}^chium as well as in Helminthos-

tachys the tapetal cells are elongated radially, while in Ophioglos-

sum they are flat and tabular, the radial diameter being the shortest.

bssum also differs from

from

ossum

than in the other genera. This is probably correlated with the fewer

layers and with the fact that in Botrychium the cells are frequently

binucleate. Too few preparations at just the stage when the walls are

breaking down were seen to make sure that binucleate cells do not

occur, but none were seen.

Bower and others have stated that at this time some of the mother

cells break down and contribute to the tapetal plasmodium. This is

denied by Cardiff for Botrychium, and by Beer for Helminthos-

tachys, No 'bserved in

Ophioglossum, but the number of preparations of just this age

observed w^ere too few to justify the statement that it never occurs.

Mother cells which did not appear normal were found in two or three

preparations, but in each case they occurred in sporangia that were

•
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in otner respects clearly abnormal, suttermg from external mjury to

the wall in one case, an abortion of the inner wall cells and neighbor-

ing sporogenous tissue in another, etc. In sporangia apparently

normal in all respects, a few of which were observed, no trace of such

a contribution was found. It is not unlikely, therefore, that this

genus agrees with the other two in this feature also,

At the time the Plasmodium begins to penetrate among the crevices

of the sporogenous tissue they are rather small, and the movement is

therefore gradual. Hence the dcener narts of the crevices are emntv

01 cytoplasm. By the time the sporangium has reached the stage

shown in fig. ^, the Plasmodium completely fills every crevice, showing

that the cytoplasm increases in volume after the breaking-down of

the walls. The nuclei do not at first penetrate among the blocks of

sporogenous tissue on account of the narrowness of the clefts, but later

as these enlarge they become distributed throughout the sporangium;

The structure of the plasmodial cytoplasm is at first coarser and

stains more deeply than did that of the tapetal cells before the

breaking-down of the walls. It has a ropy appearance and contains

many large granules. It does not seem to be definitely vacuolate, but

among the beaded threads there seems to be a fine hyaline sap-Hke

substance {Jig. 4). At this time the plasmodium docs not contain any

starch, which, however, soon appears and continues to increase until

the Plasmodium is fairly crowded with it (fig. 16). The stringy cyto-

mes

maximumvacuolate. The
about the time the tetrads are complete. From this time on the

starch grains become fewer and fewer {fig. 25) until they have entirely

disappeared. By this time the cytoplasm, which has been growing

more and more vacuolate, has nearly all disappeared. The last traces

of it are to be seen along the old plasmatic membranes, which may

often be traced long after the more fluid parts have disappeared.

When the spores are of the age shown in figs. 26 and 27 all traces of

it are usually lost.

The nuclei of the plasmodium exhibit frequent changes of form in

order to accommodate themselves to the spaces which they are com-

pelled to occupy, or into which they perhaps force themselves. WTiere

one i«; fnnnri In o mT^^Trr^loff Tf Tioc fVic a nnpn ra nre of beinf? aboUt tO
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divide amitotically. No actual case of such amitosis, however, has

been observed in any stage of the tapetum. No mitotic figures have

been observed in the plasmodium either, though the nuclei seem

somewhat more abundant in the later stages. The sporangia vary

so much in size and consequently in number of nuclei found at any

stage that it is not possible to say with confidence that the nuclei

increase after the walls of the tapetum have disappeared. That the

nuclei do not move about passively in currents of cytoplasm seems

to be indicated by the fact that where one is apparently just entering

a crevice it is always drawn out to a point, which stains more deeply
F

with chromatin stains than do the other parts of the nucleus. Beer

has called attention to similar appearances of the nuclei of Helmin-

thostachys. The average size of the nuclei does not differ materially

in older stages from that of the earlier ones. There is considerable

individual variation of both size and shape at any stage. Cardiff

has pointed out that the nuclei of the plasmodium of Botrychium

increase fourfold in size; but Beer has found that this is not the case

in Helminthostachys. The structure of the nucleus, however, does

undergo considerable change. A reference to fig. i6 shows the

tendency of the chromatic material in the later phases of development

to aggregate itself into elongated masses, whose long axes are directed

lengthwise of the nuclei. These masses are much fewer than the

chromosomes. A similar condition is shown in Beer's "figures of

Helminthostachys. When the nuclear membrane breaks down, these

masses are spilled out and persist for some time. The nuclei persist

longer than the cytoplasm; it is not uncommon to find one or more

of them in sporangia from which the spores are just about ready to be

shed.

THE SPOROGENOUS TISSUE

The earliest stage of the sporogenous tissue observed is shown in

fig. 8. At this time it probably lacks about two divisions of the

mother-cell stage. The cells are squarish or polygonal, and about

25 /i- in diameter. The nuclei, which var}^ slightly, average about

18 /A in diameter. The cytoplasm is delicately reticulated and does

not stain very intensely. It seems to be made up of a network of

delicately beaded strands, the meshes of which are filled with a

hyaline ground-substance w^hich stains very lightly or not at all. The
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wall is very thin but distinct. Stevens reports the sporogcnous cells

of Botrychium as being devoid of a wall. The cells at this stage, in

the living condition, are probably still attached to one another so as to

form a compact tissue. In stained preparations clefts appear among
groups of cells. It is probable that some or all of these clefts arc the

effects of contraction in the preparation of the material. The nucleus

is usually quite round and is surrounded by a sharply defined nuclear

membrane. The nuclear network is not very unlike that of the cyto-

plasm, except that the beaded strands are larger, stain more deeply,

and present many more loose ends. From one to six nucleoli are

usually present in each nucleus.

Whether the blocking of the sporogenous tissue begins as early as

the stage shown in fig. 8 or not, there is no doubt that it is clearly

present after the next division of the sporogenous cells. Such a

condition is shown in fig, 2, where the sporogenous tissue is seen to be

broken up into irregular blocks, and to be free from the tapetal cells,

which are beginning to separate from one another. Fig. j presents a

view of a slightly more advanced state of blocking. The irregularity

of Ophioglossum is in sharp contrast to the almost diagrammatically

regular blocking of the sporogenous tissue of Botrychium, According

to Cardiif, the division of the sporogenous tissue in that genus is in

three planes at right angles, and very regular and uniform in all parts

of the sporangium. He suggests that these walls break down in the

order of their formation, with the result that the tissue breaks up into

regular rectangular blocks. His figures lend considerable support to

this view, and there seems to be no reason for doubting it. The

divisions in the sporogenous tissue of Ophioglossum are far less regu-

lar, and this may be the cause of the irregularity in the blocking.

Beer notes that the process in Helmlnthostachys is less regular than

in Botrychium. It is far more regular, however, than in Ophio-

glossum. An exceptionally regular case is shown in fig. 5.

Correlated with the question of blocking is that of the division of

the sporogenous cells. In Botrychium, and to a less degree in

Helmlnthostachys, division is simultaneous in the sporogenous tissue

up to the time of blocking. After the blocks become independent,

the cells of each block divide simultaneously, but different blocks

may develop at different rates. Even so early as the stage shown
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in figs. T and 8, the cells do not develop at the same rate nor do they

divide simultaneously. That there is some coordination^ howeyer,

is shown by the fact that figures do not usually occur isolated, but

small groups m some

mother-

cell stage. come

same time, ihis seems

point in the development at which the cells are all at approximately

the same stage.. Each cell seems to develop independently of the

others in the majority of cases, although there are not lacking fre-

quent cases where several cells lying s^de by side are approxii;nately

in the same phase. The most striking examples of this, are groups

of cells in the late prophase often found among young tetrads or even

in sporangia, where the young spores have become separated and

have rounded off. Fi2. sives a view of a mo
Sim

clearness). The cells at this stage are oblong and about 28X32 /*'.

The cell shown in the drawing is one of the largest, being 27 X40 /*'.

very

from one another entirely or into small groups. The walls are so

thin that it was sometimes impossible to find them, though it was

always possible to find other cells younger, of the same age, and

older, which showed the wall, so that it seems likely that all of them

really have walls. It has already been noted that Stevens did not

find them in B. virginianum at certain stages. Cardiee shows in

his figures what seem to be walls, but makes no text comment. Beer
is emphatic in his assertion that they are present at all stages in

Helminthostachys. Recalling their exceeding thinness and the

difficulty of staining them, one must accept with considerable

reserve the statement that they are absent at any stage. However,

w^hen one considers that most of the walls disappear in the

seem to

improbable that they may totally disappear in some cases. It may
be added that the writer has been able to find them in preparations

of B. virginiamim of the same age. The preparations examined do

that they are always present.

positiv
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asm

phases of development, except that it is somewhat denser, especially

around the nucleus. The synaptic knot is usually so closely massed

that the course of the individual thread or threads cannot be followed

for any great distance. The figure was drawn from one of the most

diffuse knots in a section lo /u- thick. The chromatin seems to consist

of a single row of granules strung along a continuous much tangled

thread. The thread could not be determined to be continuous by

made

m The same

is true of other knots. In the early stages the thread is extraordi-

narily long and thin, long enough nearly to fill the nucleus with its

than o . 2 ;-o . c; u thick. The threadmore
oreaks up mto very long slender chromosomes, which may have

almost any shape from nearly straight to intricately bent and twisted.

A somewhat later stage is shown in jig. lo, where the chromo-

somes have shortened by one-half or more and have become

correspondingly thicker. In the figure no attempt has been made to

represent all the chromosomes in the nucleus, but only those whose

shape and position could be made out clearly. The drawing was made
from a section in which the knife has passed almost exactly through

the center of the nucleus, and the cut side of the nucleus lies up.

This gives a clearer field, but has the disadvantage that some of the

chromosomes are cut in two. More than sixty chromosomes are

shown in the drawing of this half-nucleus. Attempts were made to

count the chromosomes at this stage, in the stage shown in the next

figure, in polar views of the second division, and elsewhere, but with-

out success. The number exceeds loo, but probably does not reach

1 20 for the gametophytic tissues. The chromosomes continue short-

ening and thickening until they reach the shape and size shown in

f'g' II. The nuclei have their maximum
iameter

Dui-ing the development of the chromosomes the wall remains thm

and stains lightly, as in previous stages. The cytoplasm, however, has

somew
late. There appear in it about this time certain oval bodies staining

very intensely with Haidenhain
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lightly with most other stains. The staining reactions make it

improbable that they are starch or chromatic material or any of the

more usual constituents of cells. They are probably some sort of

stored-food material, since they disappear slowly at a later stage,

when such stored foods are being used. They appear in all stages

following this up to about that shown in fig. 2j. Their number and

size in different cells varies greatly, in some being absent. Some

of them are shown in figs. 11-21. They are usually much more

numerous than shown in the figures, which show only those visible

in a single optical focus, or even fewxr than that in figs, iy-20. They

often line up along the central region of the spindle of the first divi-
M

sion, or along the subsequent wall (when one forms) in such masses

as to obscure the details of cell structure entirely in that region. The

cytoplasm itself grows denser and denser as the time of division

approaches; fig. 11 shows it at about its maximum. Figs. 11 and 13

show two different aspects of the cytoplasm of dividing cells, the for-

mer being the common one. The beaded threads shown in fig. 12

are very characteristic of the cytoplasm of the cells during maiosis.

Thc spindle originates as a weft of kinoplasmic fibers around the

nucleus. The fibers then form a number of poles such as those

shown in fig. 11. Three of these poles become prominent and the

others disappear. The tripolar stage passes into the bipolar by the

further elongation of two poles and the breaking-up of the third

{fig. 12). Fig. IJ presents a surface view of the mature, sharply

pointed, bipolar spindle. The chromatic mass (simplified in the figure)

proved too dense and the chromosomes too small and numerous to

make any trustworthy observations on the method of chromosome
splitting. The chromosomes usually pass to the poles in a more or

less straggling manner, though sometimes they advance in regular

lines. Reaching the poles they may or may not organize a resting

nucleus; wheti the second division follows very soon they probably

do not. Fig. 14 shows the beginning of the formation of the resting

network before the spindle has disappeared. Fig. 15 shows the

chromosomes still free after the formation of a w^all between the

daughter nuclei. In fig. 16, from which the spindle fibers have not

entirely vanished, the daughter nuclei arc in the resting condition.

After the first division, a wall may (figs. 15^ i6j lOy 20) or may
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not {figs. i4y i^y i8j 21) form before the next division. Probably this

depends on the rapidity with which the second division follows the

first, and perhaps the usual thing is for the second division to occur

when the daughter nuclei have reached about the stage shown in

iig. 14. At this time the chromosomes usually have not formed a

resting network, and the central part of the first spindle still persists.

If division occurs at this stage, the resulting figure usually resembles

figs. ly and 21. The majority of the spores are of the tetrahedrai

type. In this region of the cell, whether the wall forms or not, there

is always a noticeable collection of fine granular cytoplasm which is

sharply distinguishable from the less dense parts containing the

beaded strands already mentioned. Within this zone most or all of

the food granules are found; they are often so numerous and so
r

densely crowded as to make it difficult or impossible to tell whether

a wall is present or not.

Early stages in the development of the spindle of the second divi-

sion were not observed. Metaphases are shown in fgs. 17 and 18,

and anaphases in jigs, ig and 20. All the spindles with the exception

of the type shown in jig. 18 are sharply bipolar, though somewhat

blunter than those of the first division. The spindle fibers are

markedly different from those of the first division; instead of a loose

bundle of very fine fibers, the fibers are heavy and coarsely beaded.

AH the spindles arranged as in jig. 18 have their apices truncated.

Fig. ig shows one spindle in the linear position, the other not; in

this type no truncated spindles were observed. Fig. 20 shows the

bilateral arrangement ; no other figure with this arrangement was ob-

served, though one case of bilateral spores was noted (jig. 25). Figs.

17-20 are arranged in the order of frequency of their occurrence in

the preparations. No spores were found which could be referred to

the types of division shown in f,gs. 18 and ig, which is singular, con-

sidering the frequency of this type of arrangement at time of division;

they were probably present, but were not recognized. In jig. 20 the

chromosomes seem to be passing into the network characteristic of

resting nuclei even before reaching the poles of the spindle, and long

before any nuclear membrane has formed.

During maiosis the wall of the mother cell still persists and is very

noticeable, owing to its separation from the contents, for which it
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seems ordinarily to be far too large. Such a wall, in contact with the

fig This wall persists

around the tetrad until late in the development of the spores. The

asm The

vacuole is limited by a plasmatic membrane often more prominent

than the wall of the mother cell within it. Where the two are in con-

tact they are distinct, showing that the vacuole is a real one and is

erial. I wasma
not able to determine just how long the old wall persists, but it was

found (at least parts of it) around spores as old as those shown in

fig^ 27

'

The beginning of the tetrad walls is shown in fig. 21 and the com-

fig primary

spindles of the second division and partly on secondary spindle-like

structures Of

the six walls which meet in the middle and separate the young spores,

two form on the primary spindles and four on the secondary ones.

At the same time a wall forms on the outer or convex side of the

spores. Whether this wall joins directly to the tetrad wall or con-

tinues around inside of it could not be determined. Beer describes

this tetrad wall as uniting with the wall which surrounds the tetrad,

thus forming a structure with four compartments, each of which con-

tains a spore. It is certain that it does not do so in Ophioglossum,

owing to the fact that the mother-cell wall is not at that time in contact

with the spores.

spores The
resting nucleus has a rather coarse network, with the chromatin

masses (fig

vacuolate

As the spores grow

cytoplasm becomes

oulasm seems to be

.ponding

coats. ght out in figs. 22-26.

During this period of thickening of the spore walls the cytoplasm

vacuolate. A decrease

Lcuolation of the plas-

more

pari p
modium. The degree of the collapsing action of the killing and

ts on the young spores affords a graphic though not very

- i

cv V
- ^

*'



1907] BURUNGAME—SPORANGIUM OF OPHIOGLOSSALES 49

r

accurate means of estimating the decreasing density of their cytoplasm.

At about the time the spore coats attain a sufficient rigidity to resist

collapse, the cytoplasm begins to increase in density (^^. 27). Soon

afterward {-jig. 28) .starch makes its appearance in the spore. About
the same time the spore coat can be seen to consist of an exospore and
an endospore. As the spore becomes older the two regions of the

wall become more distinct and the exospore increases considerably

m thickness. In the mature spore there are two cytoplasmic zones,

an outer less dense one and an inner dense one filled with starch.

Whether

m
brane which has differentiated into two could not be determined in

Ophioglossum. Appearances, however^ favor the latter view. Per-

haps the strongest evidence in its favor is the fact that though the

endospore is less distinct when first distinguishable, it is just as thick

or even thicker than in the mature spore. Somewhat various opinions

have been held concerning the exact method of exospore formation.

DeBary ('64) states that the exospore of certain Ascomycetes is laid

down from the epiplasm, which might be thought to correspond

roughly with the tapetal plasmodium in respect to the part either

might play in the formation of the outer coat of the spore. The fact

that the entire tetrad is surrounded for a considerable time by thie per-
*

sistent mother-cell wall, and that the whole lies in a vacuole, would
seem to render this hypothesis untenable in respect to Ophioglossum.

Fitting(:oo), Beer (:04), and others maintain that the exospore,

m
. space containing no protoplasm, can be built up by its activities.

Miss Lyon ( : 05) has shown that the two coats in Sclaginella are

formed by the differentiation of a single thick homogeneous gelati-

nous membrane. The exospore according to this view is simply the

outer part in which has been deposited dense granular material ; the

roughness is due to the irregular way in which the material is depos-

ited: deposits

made. This explanation seems to harmonize with the facts in

Ophioglossum. Miss Lyon points out that the membranes of Sclagi-

nella are not separated and suggests that where they seem so it is due
to action of the reagents used in preparing the material. There is

Mo Bot.Garaen
190S

>'
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no separation in Ophioglossum, and in consequence no necessity for

action at a distance greater than the thickness of the spore coat. The

supposed semi-fluid character of the membrane at the time of its forma-

tion would reduce this difficulty to a minimum.

development

nous tissue. mo
may develop at very different rates. Fig. ii, for example, was drawn

from a sporangium containing young tetrads and various stages of the

first and second divisions. Still more interesting irregularities are

fig-
mother

me amon

fig

from those of the spores among which it lies. This figure afforded

the best opportunity observed for obtaining an approximate count of

the chromosomes. Owing to the way in which they are scattered,

most of them are sufficiently free from their neighbors to be identified

and counted; 102 are shown in the drawing, which represents about

one-half the entire figure. About as many more could be counted in

the sections adjacent to this on each side, thus making the gametophyte

number somewhat over 100. Fig, jj shows three spores within a

common exospore, one of which is plainly degenerating ; no trace of the

fourth member of the tetrad could be found. Such a structure could

arise from the one just discussed by the division of one of the daughter

C)
accom

cytoplasm surrounding itself with a wall. " Fig. ji shows a body con-

sisting of eight cells, with thin outer wall and very delicate division

walls. The cytoplasm is dense, finely reticulated, and crowded with

starch, which is also abundant in the tapetal plasmodium around it,

though not found in the young spores in the same sporangium nor

in any spores until they are much nearer maturity. This might

spores are poor m cytoplasm

food their rapidly thickening walls.

varym

spores in the same sporangium. With

ming's triple stain they stain uniformly with the gentian. Fig- 3^

same

very large. These bodies have probably arisen from

\

I

^

\
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the germination of the members of a tetrad which failed to separate

in the usual way. Possibly the lack of a thick wall around the young

tetrad is responsible for the continued growth; at any rate, no indica-

tion of the germination of ordinary thick-walled spores was observed,

unless jig. jo be interpreted as such. Not unlike this is the produc-

tion of more than four microspores in some angiospcrms, but so far

as I am aware similar phenomena have been reported in only oae

homosporous plant. In an account of the germination of the oospore

of Coleochaete, Allen shows that reduction takes place with the first

division; the spores thus produced germinate and cooperate to pro-

» duce a multicellular mass of gametophytic tissue. Each cell of this

* mass of tissue eventually produces a zoospore which gives rise to the

^
ordinary vegetative phase of the plant. Wille has shown ('86) that

,

in certain angiosperms by a suppression of the second maiotic division

a mother cell may give rise to two microspores only instead of the usual

four. Since in at least the majority of plants the unlike elements of

the bivalent chromosomes are separated in the first division of the

mother cell, there seems to the writer no valid reason, other than that

imposed by the available food supply and the ordinarily thick walls,

why any number of spores more than two may not arise from a mother

cell. In a discussion of many-spored asci Overton (:o6) has

recently shown that the number of divisions in the ascus is immaterial

so far as the essential nature of the resulting spores is concerned. In

this connection the recent experimental work of N£mec (:o6) is of

considerable interest; by subjecting staminate flowers to the action

of chloroform vapor he secured pathological conditions closely paral-

leling those herein described. His attempts to germinate these bodies

should yield interesting results.

SUMMARY AND COMPARISON

The following tabular form of statement will serve to contrast com-

pactly the three genera of Ophioglossales as to their sporangia.

Ophioglossum Helminthostachys Botrychium

I. Outer wall and corre- The essential parts from Like preceding but

spending parts of the tapet- a single superficial cell. smaller contribution of

f

um and the sporogenous
tissue from one or two su
Perficial cells of a sporangi

ghboring
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Ophioglossum
4

ogenic band; remainder of

sporangium formed by the

cells of the adjacent sterile

tissue.

Helminihostachys Boirychium

xpose I outer Similar to the preceding Like preceding but still

wall 5-layered and from in origin and development, further restricted to a single

primary wall cell (or cells), except that in most species cell in origin.

3. Sporangia sunken.*

the entire wall so arises.

Sporangia intermediate.

4. Dehiscence by trans- By longitudinal slit.

Sporangia generally

short-stalked.

By transverse slit.

verse slit.

5. One to three primary

sporogenous cells.

One primary sporoge-

nous cell.

One primary sporoge-

nous cell.

6. Tapetum unusually Cells radially elongatcdj Same as preceding except

two-layered and its cells othenvase like preceding. that there are two to four

tangentially elongated.
^

layers of radially elongated

cells.
w

7. Nuclei of tapetal plas- Amitosis of these nuclei Amitosis usual and fre-

modium probably do not probably occurs,

increase in number.

8. Nuclei of plasmodium No increase in size,

do not increase in size.

quent

Nuclei increase to four

times their original size.

9. Tapetal nuclei persist More persistent than in Less persistent than other

up to near time of dehis- preceding. genera

cence.

10. Sporogenous tissue Blocking much more Blocking extremely reg-

separates into irregular regular. Tilar.

masses.

II. Division of sporo-

genous tissue up to mother

cells not wholly simultane-

Simultaneous division the

rule.

ous.

12. Maiosis in different Maiosis in each mother-
mother cells varies widely in cell independent.

Division simultaneous in

each block of cells.

spindles.

rrangement

13. Spindleextra-nuclear, Spindle intra-nuclear.

14. Chromosomes 100 to Reduced number 40 to No data.

120 after reduction,

15. Spindles in all possi-

ble positions with reference

to one another.

60,

" Either in same plane or

perpendictilar to one an-

other.*'

3
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Ophioglossum Helminthostachys Botrychium
m

16. Wall formed or not Special tetrad wall in- No wall formed.

I after first maiotic di\'ision. closes each spore in a

17. Tetrads for a long separate compartment. Tetrad inclosed within

time inclosed within per- persistent wall of mother
sistent mother-cell wall cell.

The features common to the genera are: (i) the breaking-down of

the inner layers of the wall, (2) the penetration of a plasmodium,

derived from the tapetal cells, among the sporogenous cells, (3) the

failure of the mother cells to contribute to the tapetal plasmodium,

(4) the formation of a resting nucleus after the first maiotic division,

(5) the appearance in the spore-plasm of a phase of decreasing density

followed by one of increasing density, the former possibly connected -

with the rapid growth of the young spore coat (no data from Botrych-

ium), (6) the spores rich in starch, (7) the tetrads in vacuoles of the

Plasmodium.

This investigation was carried on under the direction of Professor

John M. Coulter and Professor Charles J. Chamberlain,

The University of Chicago
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EXPLANATION OF PLATES III AND IV

All figures were drawn with the aid of a Bausch and Lomb camera and

Zeiss apochromatic objectives and compensating oculars, and reduced one -half.

Figs, i-y and fig. j2 were drawn under a low -power dry lens, the others under

1.5™"^ immersion.

PLATE III

Wall

turn one-layered except at left. X300.

Fig. 2. Wall four- or five-layered; tapetmn two-layered; sporogenous tissue

beginning to break up into irregular blocks and to separate from the tapetum.

X 300.

Fig. 3. General view of about one-half of a sporangium, showing four or five

layers in the wall; two-layered tapetum; sporogenous tissue broken up into

irregular blocks; the regular two-layered tapetum is restricted to the left of the

figure; in the remaining part it is difficult to distinguish it from the sporogenous

tissue; i is last wall formed, X 123.

Fig. 4. Tapetal Plasmodium penetrating amongblocks of sporogenous tissue;

tapetal nuclei mainly around periphery; blocks of sporogenous tissue quite

irregular. X300.

Fig. 5, An unusually thick tapetum and more regular blocks of sporo-

FiG. 6

fig. 4. X 300. y

sporogenous

show early indications of formation of slit for dehiscence. X300.

FiG. 7. Mature wall showing longitudinal section thr

inner cell layers broken down. X123.

Fig. 8. A sporogenous cell lacking about two divisi

from sporangium with a three-layered wall. Xooo.

been

ing for the sake of clearness, X900
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Fig. 10. Prophase of first division; chromosomes about one-half the length

of their earliest stage; food granules in cytoplasm. X 1200.

Fig. II. Origin of spindle; chromosomes in mature form, many of them
seem paired; food granules in cytoplasm; cell appears small because it is not

drawn in median optical section. X900.
Fig. 12. Spindle passing from tripolar to the bipolar stage; food granules

and beaded kinoplasmic threads prominent. X900.
Fig. 13. Surface view of mature spindle at metaphase; cytoplasm unusually

free from food granules and kinoplasmic threads. X900.

formed

somes mostly free from one another; middle region of cell occupied by persistent

spindle fibers, food granules, and denser cytoplasm; old wall becoming freed

from contents. X900.

Fig. 15. Later telophase; a wall has formed, along which the food granules

tend to line up; mother-cell wall almost entirely free from contents; chromo-

somes quite free from one another. X900. ,

Fig. 16. Part of tapetal Plasmodium containing much starch; tapetal nuclei

show the aggregation of chromatic material into elongated masses, far fewer than

the chromosomes; mother cell after first division, with a wall and daughter nuclei

in resting condition; the whole lies in a vacuole of the plasmodium; old mother-

shown

Xooo.

PLATE IV

Fig. 17. Usual position of spindle with no wall between, will result in tetra-

hedral arrangement of spores; note difference between first and second spindles;

many chromosomes left out for clearness. X900.

Fig. 18. Linear arrangement of spindle; spindle fibers do not come to a

point; as in all cases, granular cytoplasm and food granules collect in middle

region, whether a wall is present or not. X900.

Fig. 19. Combination of linear and bilateral arrangement; linear spindle

pointed, thougch this was never observed where both spindles are placed linearly;

Fig.

figure. X900.

20. spore

poles. X900
Fig. 21. Telophase and earliest indication of tetrad walls. X900.

Fig. 22. Young tetrad with dense cytoplasm and thin wall. X900.

ing of spore wall. X900.
Fig. 25, Depletion of tapetal plasmo'

eral spores shown within vacuole. X9cx>

spore

lum

spore-plasm; spore

under X900

Fig. 27. Spo

be 900
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Fig. 28. Spore coat distinctly differentiated into two layers; the cytoplasm

much denser and showing very small starch grains. X900.

Fig. 29. Mature spore with thick wall and abundant contents; starch very

abundant; intine penetrates exine at tip of spore. X900.

Fig. 30. Much delayed division of a mother cell, spore -coat-like wall sur-

rounding it. X800.

Figs. 31, ^2, Multicellular gametophytic (presumably) masses of cells,

which have arisen through the cooperative germination of the members of a

tetrad which failed to separate in the ordinary way. X2;j^,

Fig. 33. Three of the four spores of a tetrad within a common exospore.

X6oo
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THE ROOTS OF LYCOPODIUM PITHYOIDES
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY

XCV

Alma G. Stokey

(with plates V AND VI AND ONE FIGURE)

Lycopodium pithyoides Schlecht. & Chamlsso is a subtropical form
of rare occurrence, but, according to Underwood and Lloyd, of unex-

pectedly wide distribution. In spite of its striking and unmistak-

able appearance, it has been confused with other forms, such as L.

dichotomum.
w

The material which formed the basis of this invest

collected in September 1906 near Jalapa, Mexico, by Professor Barnes,
Dr. Chamberlain, and Dr. Land, of the University of Chicago. They
found in that region only one specimen, which they secured and which

is now growing in the greenhouse of the University. This plant, or

I rather clump of plants, was growing as an epiphyte on the trunk of a

recently fallen tree.

(
This species of Lycopodium attains a size unusual in the genus.

The stem is dichotomously branched, erect, and rigid, with a diame-

ter of 6 to 10™™; and the slender dark green leaves are 2 .5 to 3.5*""

long. The fact that practically every leaf is a sporophyll indicates

that this form is of relatively primitive character. . The length of its

leaves, the stoutness and rigidity of its stem, and its unusual size give

it such a shrub-like aspect that Schlectendal and Chamisso (10)

verv

stivestris .

A cross-section of the stem, however, is much more striking than the

general habit. The stele, which in structure and arrangement is

similar to that of L. lucidulum or L. Selago is comparatively small,

being about one-tenth the diameter of the stem. The conspicuous

'

' inner

sheathed steles which surround it (fig. /). These are the

roots" of Strasburger (ii). The "inner root" is not an

example of a particular type of root, but of a peculiar habit which

57] [Botanical Gazette, vol. 44
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exists in certain species of Lycopodium. The roots arise in acropetal

succession at any point of the stele of the stem- Instead of penetrat-

ing the cortex at once and emerging as aerial roots, they turn down in

Fig I —Lycopodium pithyoides

the cortex, boring canals through long stretches of cortex, and emerge

finally at or near the base. This habit is associated with erect forms

Lvcopod A similar habit is

described in the ^larattiaceae, Sachs (9) having given a brief de-

scription of its occurrence in Angiopleris evecta^ in which the roots are

said to bear a definite relation to the leaf bases.
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The ii mm
(I), who stated that they were characteristic of erect dichotomous

forms. Strasburger (ii) described the more obvious features

of the ''inner roots" of L, Selago, and gave a list of about twenty

species characterized by their presence. All the species noted are

mcrfLbers of the Selago group except L. Phlegmaria. In none of

the species described have the ''inner roots" attained a development

comparable to that in L. pithyoides. Few have been studied m
sufficient detail to afford a basis for comparison. Strasburger
records L. Selago as showing eight roots in a cross-section taken 5"^"^

above the base of the stem. phi

and L. verticillatum with fifteen "inner roots." Fig. 2 shows a cross-

section of Z. pithyoideSj taken lo-is^"" above the base of the stem,

m which fifty-two roots were found. The extraordinary development

of these roots is no doubt an important factor in giving the stem its

characteristic stoutness and rigidity.

The root primerdia usually appear within 2-5'""' of the tip of the

stem, but occasionally there will be none within 5-10^^" of the tip.

primordium shown in ^g. j and fig
mm

stem cm

from

high. The vascular cylinder

of the stem was still in the promeristem stage.

The roots of L. pithyoides show four distinct initial regions for

the plerome, periblem, dermatogen, and calyptrogen. The plerome

arises from an initial region consisting probably of only one initial

cell impo
of initials, but such preparations as that shown in fig. 5 indicate a

single initial; it is possible, however, that there are several, as in the

forms studied by Bruchmann (3). The periblcm initial region

consists of several layers forming a well-defined although not sharply

differentiated region. There is a well-defined one-layered dermatogen

which gives rise to the epidermal cells and trichoblasts.

The trichomes arise from definite cells which are cut off by curved

oblique walls from the original epidermal cells a short distance back

ih With

mal cells and trichoblasts, the latter come to have the appearance of

wedge-shaped cells. The outer wall rounds out and a papilla appears

which rapidly elongates into a slender, rather thick-walled, persistent
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trichome. The trichoblast usually divides once longitudinally,

SO that the trichomes are usually found in pairs (fig. g). Since almost

every epidermal cell gives rise to a trichoblast, the trichomes are

abundant and very uniformly distributed. The trichoblastic cells

are cut oflf as regularly in the '^ inner roots'' as in the external, but

of course produce trichomes only in aerial and soil roots. The

formation of trichoblasts in Lycopodium was first described by Nae-

GELi and Leitgeb (6). Leavitt (5) has described them in greater

detail, giving L. inundatum as an example of the type in which the

trichome is cut oflF by a straight anticlinal wall, and L, lucidulum as

an example of the type with oblique walls. The development of

the trichomes in L. pithyoides seems to be the same as that in L.

lucidulum,
m

The root begins to grow downward immediately after leaving

the stele (fig. 10), dissolving and crushing the cortex to make way

for its rapid enlargement. The roots bend and curve, winding in

and out around each other and around the leaf traces as they work

their way down the stem. Several roots often run side by side for a

considerable distance, so crowded together that the sheaths ap; ear

to fuse. Pritzel (7) and Strasburger both describe branching

as of frequent occurrence- It must be extremely rare in L.

pithyoides, for no cross-sections have revealed the slightest trace of

it, and an extensive dissection of the stem was equally unsuccessful.

That it docs occur is shown by a root-tip taken from an ^' inner root"

which has the dichotomous forking so characteristic and abundant

in external roots (fig. 11). It is possible that in such cases one

branch may become abortive owing to the crowded condition under

which the root is growing.

A typical "inner root" is shown in fig. 12, On the outside is a

heavy sclcrenchyma sheath, which in some roots attains a thickness

two or three times as great. Within the sheath is a region of slightly

thickened parenchyma which extends to the stele. The parenchyma

region is the one which Strasburger erroneously called the outer-

most region of the root, because of the ease with which it is separated

from the adjoining sclcrenchyma , Bruchmann (4) in his discus-

sion of L. Selago corrected this error. The tearing between the two

regions is due not to a lack of organic connection, but to the weakness

*
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of the middle lamella of the inner cells. It is so delicate that any
pressure sufficient to section the sclerenchyma sheath is almost

certain to cause a splitting of the middle lamella. Although the two

regions are rather sharply defined, there are always a few cells in the

transition stage. The thin-walled cortex is limited by the endoder-

mis, which although not sharply differentiated can be easily recognized

by its suberized walls.

In the genus Lycopodium there is great variation in the type of

stele found in the root. Russow (8) has described that of L. annoti-

num and Z. complanalum as being almost identical with that of the

stem, but the stele of L. Selago and L. inundatum as being strikingly

different. L. pithyoides is similar to L. Selago. The vascular strand

is collateral, with a crescent-shaped xylem, the phloem lying between

the horns of the crescent. The protoxylem is found regularly occupy-

ing the horns, but occasionally it spreads along the outer region of the

metaxylem. There is no evident differentiation into protophloem

and metaphloem either in root or stem. Russow in his discussion of

L. Selago regards the parenchyma region outside the xylem as belong-

ing to the phloem, and consequently classes the bundle as concentric.

This indefinite region may be one or two cells thick or may be

altogether lacking, and it seems better to regard it as pericycle rather

than as phloem. It consists of small thin-walled parenchyma cells

containing protoplasm and nuclei, with none of the wide-mouthed

thick-walled cells which characterize the phloem region. The shape of

the xylem strand varies somew^hat in different parts of the root. The

origin from the stele is seen in jigs. 13 and 14. It is connected with

two of the xylem strands and one of the phloem; this arrangement

is shown in the primordium stage shown in jig. 4. As the root leaves

the stele of the stem, the xylem strands move together, forming a U-

shaped figure, with the closed end toward the center of the stem {figs.

15 and 16.) As the root passes down the stem, the xylem becomes

massed together, so that when the root leaves the stem it has the form

shown in fig. 77, which is the arrangement characteristic of external

roots. The behavior of the xylem during forking of the root is shown

in figs. 18, ip, 20. The xylem divides at the place where the two

strands had previously united, and each strand rapidly assumes the

characteristic crescent-shaped form.

•
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The region of exit of the roots extends from the base of the stem to

about i*^"" above. Bruchmann (3) found that in L, Selago, when the

. stem was closely apprcssed to the ground, an earlier exit was favored.

The root may bend abruptly and leave the stem at a right angle,

or it may run around the stem for a short distance not far below the

epidermis, leaving the stem at a tangent; but it is more usual for

the root to turn gradually toward the outside of the stem and leave

it obliquely. The root hairs which in the ''inner roots'^ develop no

further than the trichoblast stage, develop extensively and form a

dense mat around the external root (fig. 21). The epidermis, which

soon disappears in the '* inner root," is persistent in the external.

In an old stem in which the departing roots are numerous and thickly

crowded, the cortical tissue of the stem becomes torn and fragmentar}^

Most of it disappears, leaving a brush-like mass of roots with very

little cortex between them.

This investigation was conducted at the University of Chicago

under the direction of Professor John M. Coulter and Dr. W. J. G.

Land, and arose incidentally in connection with an investigation of

mm

I

The University of Chicago

2.

4
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EXPLANATION OF PLATES V AND VI

All the figures were drawn with the aid of an Abbe camera lucida and reduced

one-half in reproduction. Abbreviations are as follows: x^ xylera; px, pro-

toxylem; ph, phloern; e, endodermis; pCy pericycle; c, cortex; sc, sclerenchyma;

plj plerome; pb^ periblem; d^ dermatogen; ca^ calyptrogen; pr, primordium.

PLATE V

Fig. 2. Cross-section ofstemshowingstele surrounded by "inner roots." X8.

Fig. 3. Cross-section of stem with primordium of root. X8.

Fig. 4. Primordium of root at its origin from stele of stem. X i6o.

Fig. 5. Longitudinal section of root tip. Xi6o.

Figs. 6-8. Dermatogen of root showing development of trichomes. X375.

Fig. g. Surface view of trichoblast cell which has divided to form two tri-

chomes. • X375.

Fig. 10. Longitudinal section through "inner root" at origin. X8o.

Fig. it. Diagram of a root-tip of an " inner root/' showing dichotomy.

PLATE VI

Fig. 12. Cross-section of '4nner root." X180.

Fig. 13. Cross-section of "inner root" at origin. Xi8o.

Fig. 14. Cross-section of stele of stem at origin of "inner root" (xylem

strands shaded). X6o.

Fig. 15. Cross-section of stele of stem showing root almost separated from

stele. X60.
xyl

root leaves the stele of the stem. X 180.

Fig. 17, Cross-section of stele of root just above the place where the root

X leaves the stem. X180.

Figs. 18-20. Cross-section of stele of root showing division of xylem during

forking of the root. X 180.

Fig. 21. Cross-section of external root. X25.
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THE BLACK-FRUITED CRATAEGUS OF WESTERN NORTH
AMERICA

Mr. W. N. SuKSDORF has sent me an interesting series of specimens of

black-fruited Crataegus collected by him in the neighborhood of Bingen,

Klickitat County, western Washington, and has called my attention to

some distinct variations in different individuals of these plants. He groups

his plants as follows:

1 (D). Plants with normally twenty stamens; fruit usually in few-

fruited clusters, generally not more than 8"^"^ in diameter, and ripening

sometimes as early as the first of July and sometimes not until the middle

of August.

2 (X). Plants with rather larger flowers; normally ten stamens; fruit

in large drooping clusters often i to 1.2^"^ in diameter and ripening in

July. This form seems to be the C. Dotiglasii Lindley of English gardens.

3 (F). Plants with normally ten stamens; fruit in few-fruited often

erect clusters, usually 8 to 10^"^ in diameter, and ripening from July to

September, This and the following I cannot distinguish from the X group.

4 (Z). Plants with ten stamens; fruit as small as that of D and ripening

sometimes as late as September.

The black-fruited thorn of the northwest was discovered by David

Douglas, and in 1830 was named by Lindley C. Douglasii {Bot. R^g*

pi. 810). The figure in the Botanical Register represents the flowers with

ten stamens, and in a grafted plant imported from Europe, which I have

cultivated for more than thirty years and which I believe to be one of the

same strain as the plant formerly in the garden of the Royal Horticultural

Society at Chiswick from which Lindley's figure and description were

made, the stamens are normally ten, although sometimes by abortion they

are as few as five. The stamens of a tree of C. Douglasii sent to the

Arnold Arboretum many years ago by Max Leichtlin of Baden Baden

are mostly twenty, but are sometimes reduced to twelve or fifteen. The

two trees in other characters appear identical, and except in the number of

the stamens I have been unable to find any character by w^hich these two

forms can be safely distinguished.

On all the specimens of this black-fruited form which I have seen the

leaves vary from obovate to ovate; they are cuneate at the base, rather

Botanical Gazette, vol. 44] [64
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coarsely serrate occasionally nearly to the base, and lobed only toward the

apex. At the flowering time they are lustrous, covered above with soft

white hairs most abundant on the midribs and veins, and pale and more
or less villose in the axils of the veins below, later becoming subcoriaceous,

dark green, and very lustrous. The flowers vary from 1.2 to 1.4^"^ in

diameter and are produced on long slender glabrous pedicels, in usually

15- or i6-flowered compound corymbs, with linear caducous bracts and

bractlets. The broad calyx-tube is quite glabrous and much longer than

the wide, entire, or occasionally minutely dentate lobes, acute and bright

red at the apex and sparingly villose on the inner surface. The anthers are

small and very pale rose color, and the styles are normally five. The fruit

is black, short-oblong, crowned by the persistent calyx, with yellow, succu-

lent, rather sweetish flesh; the nutlets, which in many of Mr. Suksdorp's

specimens are abortive, wrinkled, and much reduced in size, are normally

five, obtuse at the ends, slightly ridged on the back, and irregularly pene-

trated on the inner faces by shallow longitudinal cavities. The branchlets

are red or orange-red and very lustrous, and the spines, which are

stout and nearly straight, and generally not more than from i to 1.5^"^

in length, occasionally on vigorous branches become nearly 4^"^ long.

C. Douglasii is the common species of the northwestern states, extending

north into British Columbia, south into northern California, and eastward

at least as far as Wyoming.^

Of the plants collected by Mr. Suksdorf, those with twenty stamens

and small fruit, placed by him in his group Z), vary most from what I con-

sider the type of C. Douglasii, and although it does not seem possible to

distinguish these specifically^ they certainly constitute a well-marked variety,

for which I suggest the name:

Crataegus Douglasii var. Suksdorfii, nov. var,—A shrub sometimes

^
8"^ high, with numerous stout, erect, and spreading stems.—Banks of the

^ Columbia River and borders of bottom lands, West Klickitat County,

Washington, W\ N, Sitksdor}, 1905-1906 (nos, 4034, 49^9? 5^26, 5031,

5040).

Another plant in this group should also be mentioned. This is a ten-

stamened plant with distinctly chestnut-colored fruits, and may be called:

Crataegus Douglasii forma badia, nov. forma.—It grows on Union

Flat^ six miles south of Pullman, Washington, with the black-fruited C.

" Of the black-fruited Crataegus which grows at a few stations on the northe

peninsula of Michigan and on some of the islands of Lake Superior, and which has been

referred to C. Douglasii, flowers have not been collected and its true specific position

cannot be determined at present.
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Doiiglasii which, although it flowers ten days later, it otherwise resembles

except in the color of the fruit. This interesting plant has been collected at

different times between 1896 and 1902 by Mr. C. V. Piper (nos. 2358,

2454, 3599. 3810, and 3826).=^

The following synopsis of the species of the Douglasae group may

aid in the determination of the species:

Anthers slightly tinged with rose color; calyx-lobes entire or minutely den-

tate, sparingly villose on the inner surface; fruit short-oblong to subglobose;

on the inner face by shallow longitudinal grooves.

gul

rsely

rate, usually lobed toward the apex, more or less villose while young, gen-

erally becoming glabrous; stamens 5-20, normally 10; spines numerous,

usually short and stout i. C Douglasii.

Leaves thinner, lanceolate to oblong-obovate, acute at the ends, finely serrate,

not lobed, covered above while young with soft white hairs, soon glabrous;

stamens 10; spines few, long and slender or wanting , . . 2. C.

rivularis,^

—C. S. Sargent, Arnold Arboretum,

2 C. Gaylussacia Heller (Bull. South. Cal. Acad. Sci. 2:68. 1903) is one of the

black-fruited group and was collected by Heller, August 20, 1902, at Sebastopol in

Sonoma County, California. Flowers have not been seen, and I suspect that it will

turn out to be one of the small-fruited forms of C Douglasii. The leaves are smaller,

however, and rather thinner than those of the ordinary forms of that species, and they

are still slightly hairy on the upper surface at the end of August when the fruit

appears to have been fully ripe.

3 C. rivularis is a more southern species than C Douglasii and is confined to the

interior of the continent. It is most abundant on the Wasatch Mountains of Utah and

ranges to southwestern Colorado and western Wyoming.
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CURRENT LITERATURE
MINOR NOTICES

Mechanics of cell division.—In a study of the mechanics of cell division,

GiESENHAGEN' presents the following conclusions. The nucleus, even in the

resting condition, has a definite polarity, so that it can divide only in a predeter-

mined direction. The median plane in which the cell plate will appear at mitosis

is the equatorial plane, and the axis is perpendicular to its center. The axis of the

rm
being that of the axis of the mother cell, or a position at right angles to the axis

of the mother cell. If the nuclei maintain their positions without any movement,

there will be a succession of anticlines and periclines, but many causes may change

the position of the nucleus and affect the direction of its axis and consequently

formed The numerous

variations from the periclinal and anticlinal divisions are disci

tions are made as to their causes.

—

Charles J. Chamberlain

American Breeders' Association.—The proceedings of the meeting held at

Lincoln, Nebraska, January 17-19, 1906, have just been published as the second

volume issued by the Association. Naturally the papers var}^ widely in subject

and in value, and it is impossible to estimate them by reading. It is clear, how-

ever, that fundamental biological problems are being considered; and that views

and data are being recorded that are extremely suggestive. Among the strictly

botanical topics may be noted the following: Tobacco breeding, The corn plant as

affected by date of planting, Some correlated characters in wheat and their trans-

mission, Plant adaptation, A method of breeding a strain of alfalfa from a single

individual, Correlation of characters in plant breeding. Variation in wheat hybrids,

Breeding drought-resistant crops, Fundamental requirements for grain breeding,

ma
J. M. C.

The Dillenian Herbaria,—The herbarium of the University of Oxford

contains some collections of great historical interest, among which those of Dil-

LENius (1684-1747), the first *'Sherardian" professor of botany, are conspicuous.

An account of the Dillenian herbaria has just been published, together with a

biographical sketch, selections from correspondence, etc., by Druce,^ edited and

with an introduction by Vines, the present *'Sherardian" professor. The collec-

' GiESENHAGEN, K., Studien uber die Zellteilung im Pflanzenreiche, ein Beitrag

zur Entwickelungsmechanik vegetabilischer Gewebe. 8vo. pp. 91. Stuttgart: Fr.

Grub. 1905.

= Druce, G. Claridge, and S. H. Vines, The Dillenian herbaria, pp. cxii+258.

Oxford: The Clarendon Press. 1907. 12 sh,

67
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tions of DiLLENius relate to "subjects so diverse as the investigation of the

British Flora, especially that of Wales; the botanical exploration of North Amer-

ica; the botany of the exotics, especially succulents, cultivated in his time; and

the classification of cryptogamic plants." The Dillenian herbaria are three:

that of the Synopsis; that of the Hortus EUhamensis; and that of the Historia

Muscorunu—J. M. C.

Plant chemistry.—The original papers and addresses on plant chemistr}', pub-

lished by Helen C. DeS. Abbott Michael (6. 1857, d. 1904), have been col-

lected and reprinted, together with a biographical sketch (no pp.) and four

literary papers, to form a neat volume. ^ Mrs. Michael's scientific training was

obtained under extraordinary difl5.culties, and her work was made somewhat

scattering by reason of the very alertness and eagerness of her mind. Her con-

tributions to a knowledge of the constituents of plants, especially the glucosides,

are more valuable than her theories as to the correlation of plant form and clas-

sification with the nature and distribution of chemical compounds. The book in

its editing shows some unfamiliarity with scientific names and terms. It is a

worthy memorial to one whose work was cut short by an untimely death.—C.R.B-

Flora of Guatemala.

—

John Donnell Smith has published as the eighth

part of his Emimeratio an index^ of the preceding parts. The species are arranged

alphabetically, and 7979 numbers are cited, representing 3736 species, 1189 of

which are not contained in Hemsley's Biologia Centrali-Americana. Incorrect

determinations and faulty nomenclature are also corrected. The author is to be

congratulated on the complete way in which he has investigated the flora of this

region and organized his results.—J. M. C.

London botanic gardens.—M. Perred^s has brought together in a single

publication^ a series of papers that appeared in ih^ American Journal 0}Pharmacy.

The three gardens described are Kew Gardens, The Royal Botanic Society's

Gardens in Regent's Park, and The Chelsea Physic Garden. The numerous

admirable illustrations that accompany the text make these gardens very real to

the reader.—J. M. C.

Pflanzenfamilien.^—Parts 227 and 228 contain the completion of the Lembo-

phyllaceae, and the presentation of Entodontaceae, Fabroniaceae, Pilotrichaceae,

Nematoceae, and Hookeriaceae, by V. F. Brotherus. The third part of the

3 Michael, H. A., Studies in plant and organic chemistr\\ 8vo. pp. 423, Cam-
bridge:' The Riverside Press. 1907. $2. 50.

•* Smith, John Donnell, Enumeratio plantarum Guatemalensium etc. Pars

yill. pp. 221. Oquawka, Illinois: H. N. Patterson. 1907.

5 PERRiDEs, Pierre Elie Felix, London Botanic Gardens, pp. 100. pis, JI.

London: The Wellcome Chemical Research laboratories. 1907,

^ Engler, a., und Prantl, K., Die natiirlichen Pflanzenfamilien. Lief. 227 und

228 und Erganzungsheft II, Lief. 3. Leipzig: Wilhelm Engelmann, 1907.
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second supplement continues the literature of 1899-1904 in reference to dicoty-

ledons from Euphorbiaceae to Sapotaceae.—J. M. C.

Flora of Winneshiek Co., Iowa,

—

Shiaiek' has published an account of the

plants of one of the counties of Iowa, prefacing the annotated list by a discussion

of the forest problem, ornamental plants, forage plants, weeds, and medicinal

plants.—J. M. C.

Eucalyptus.—The eighth part of Maiden's^ revision of Eucalyptus contains

the description, synonymy, range, and affinities of seven species. This series,

begun in 1903, now includes twenty-four species.—J. M. C.

Das Pflanzenreich.9—Part 28 contains the group Calceolarieae of Scrophu-

lariaceae. The three genera are Porodittia (i sp.), Jovellana (6 spp.), and
Calceolaria (192 spp., with 9 new).—J. M. C.

NOTES FOR STUDENTS
Apogamy and apospory in ferns.—^Professor FARifER and Miss Digby have

published'^ the results of their studies of apogamy and apospory in ferns. The
forms described are Lastrea pseudo-mas vars. polydactyla Wills, polydaciyla Dadds,

and cristata apospora Druery; Athyrium Filix-joemina vars. clarissima Jones,

clarissima Bolton, and uncoglomeratum Stansfield; and Scolopendriunt vulgare

var. crispum Drummoitdae.

In Athyrmm Filix-joemina clarissima Jones there is no change in the number

of chromosomes in passing from the sporophyte to the gametophyte phase of the

life-history; and there is no migration of nuclei from one prothallial cell to another.

The embr}'o arises as a bud upon the gametophyte.

In Athyrium Filix-joemina clarissima Bolton there is no reduction of chro-

mosomes, no true fertilization, no migration of prothallial nuclei, and the embryo

develops from an unfertilized egg.

In Athyrium Filix-joemina uncoglomeratum Stansfield the embryo arises in

connection with an archegonlum, but details were not discovered. The number

of chromosomes (about 100) is maintained throughout the life-history and there

is no migration of prothallial nuclei.

In Scolopendrium vulgare crispum Drummondae a remarkable condition is

described. The number of chromosomes in sporophyte nuclei is about 100,

in prothallial nuclei about 70, in archegonial nuclei about 80, and in antheridial

7 SanvtEK, B., Flora of Winneshiek County. Iowa Geo!. Surv. 16: 147-211. 1906.

^ Maiden, J. H., A critical revision of the genus Eucalyptus. Part \1II. pp. 211-

254. pis, 37-40, Sydney: Published by State of New South Wales. 1907. 2s. 6d.

9 Engler, a., Das Pflanzenreich. Heft 28. Scrophulariaceae Antirrhinoideae-

CalceolarieaevonFr. Kranzlin. pp.128, figs. 21 {142). Leipzig: Wilhelm Engelmann.

1907- *V64o. -

'° Farmer, J. Bretland, and L. Digby, Studies in ap<jgamy and ap.>spory in

ferns. Annals of Botany 21:161-199. pis. 16-20. 1907.
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nuclei between 70 and 82. There is no cyclic alteration in the number of chro-

mosomes, and no migration or fusion of nuclei of prothallial cells. The embryo

arises from the unfertilized egg.

In Lastrea pseudo-mas polydactyla Wills, the authors still maintain their claim,

made in a preliminary paper, that there is a migration and fusion of prothallial

nuclei, thus initiating the sporophytic phase. There is a normal reduction of

chromosomes.

In Lastrea psetido-mas polydactyla Dadds there is a reduction of chromosomes

and the sporophyte is initiated by a migration and fusion of prothallial nuclei.

The embryo, however, comes from a projection which may be regarded as an

arrested archegonium.

In Lastrea pseudo-mas cristata apospora Druery there is no reduction of chro-

mosomes and no migration of prothallial nuclei. The number of chromosomes

shows a remarkable variation, there being 60 in nuclei of prothallial cells, about

78 in nuclei of the embryo, and about 90 in nuclei of antherozoids.

These various forms may be arranged in two categories, one in w^hich spores

are produced in connection with the usual reduction of chromosomes; and the

other in which there is no spore formation or reduction of chromosomes, the

embryo appearing as an outgrowth from the sporophyte. The wide variation in

the number of chromosomes is not thought to be due to inaccuracy in counting,

but to a real difference. The authors believe that the fluctuation might seem to

negative any value being attached to the number of chromosomes.

After a lengthy discussion a general conclusion is drawn which is quite at

variance with current notions, namely that there is no necessary correlation

between the periodic reduction in the number of chromosomes and alternation of

generations. Fertilization and reduction, however, are recognized as holding a

definite causal relation to each other, but without assuming any necessary connec-

tion between either of them and any other features in the life-history.

—

Charles

J. Chamberlain.

Apogamy in Marsilia.—While investigating apogamy

ported

Ls bota

apogamy Since

in the Kew and Berlin herbaria. Some of the sporocarps

collected more than thirty years ago, germinated readily.

megaspores

microspores abundantly as when

crospores are present. Sections show that embrj^os often develop from eggs

without

sporophyte number,

tips and other vegetative structures. Megaspores are formed which have 2^

chromosomes in their nuclei, the reduction of chromosomes ha\ing failed to take

" Strasburger, E., Apogamy bei Marsilia. Flora 97:123-191. pis. 3-8. 19^7-
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place. Such megaspores form prothallia whose nuclei have 2x chromosomes
and finally an egg is formed with 2X chromosomes, and this egg develops an
embryo with 2X chromosomes; so that the sporophyte number of chromosomes
is maintained throughout the hfe-history. But in the same species there are

instances of reduction of chromosomes, so that prothallia and egg have the x
or gametophyte number.

In forms which produce apogamous embryos, microsporogenesis is likely

to be abnormal, the development often stopping before the nucleus of the micro-

spore mother cell divides; but here again normal microspores with the reduced

number of chromosomes are sometimes formed. The nuclei of the x and 2X

prothallia can be distinguished in a general way by their size, the diameter of the

nuclei in 2x prothallia being about one -third greater than those in x prothallia;

also the diameter of the eggs with 2X chromosomes is about one-fourth greater

than that of eggs with the reduced number.

Strasburger uses the term apogamy rather than parthenogenesis because

he regards an egg with 2X chromosomes as a purely vegetative cell. He would
* use the term parthenogenesis only in case an egg with x chromosomes should

I
develop an embyro without fertilization. Even if 2X chromosomes should appear

at the first mitosis in such an egg, he would still regard it as a genuine case of

i

parthenogenesis.

The preparations naturally showed many stages in the development of spore

membranes. Shortly before the spore reaches the periphery of the vesicle con-

taining it, the perinium appears. This is a deUcate, fine-pored membrane

{Hautchen) laid down upon the surface of the vesicle by the surrounding tapetal

Plasmodium. The prismatic layer is then laid down upon the delicate membrane.

The exine, mesopore, and endospore are then developed in succession upon the

protoplast of the spore. This study supports the view that cell membranes

arise only in direct relation with protoplasm.

—

Charles J. Chamberlain.

Items of taxonomic interest.—S. M. Bain and S. H. EssARY (Jour. Mycol.

12:192, 193. 1906) have described a new anthracnose of alfalfa and red clover

i (Colletotrichum trijoUi), which is said to be the most serious plant disease occurring

in Tennessee.—J. M. Greenman (Field Columbian Mus. Publ. Bot. Ser. 2:185-

igo, 1907) has published 10 new species of Citharexylum as preliminary to a

synoptical revision of the genus.—E. Hassler (Bull. Herb. Boiss. II. 7:161-164.

fii^- 5- 1907) has described a new genus (Dolichopsis) of Leguminosae from

Paraguay.—L. A. Dode (idem 247, 248. figs, 3) has described a new species of

Juglans (/. elaeopyren) from the Santa Catalina Mountains of Arizona; it is

distributed in Pringle of 1881 as /, rupestris Engelm., and the type is in Herb.

Barbey-Boissier.—A. H. Moore (Proc. Amer. Acad. 42:521-569. 1907), in a

revision of the confused genus Spilanthes, recognizes 63 species; describes as

new 2 subsections, 8 species, 4 varieties, and 7 forms; and makes 14 new com-

binations.—W. H. Blanchard (Torreya 7'5S-57- ^9^l) ^^^ described a new

Rubus (blackberry) from the vicinity of Philadelphia and Washington.—J. R.

t

V
^



72 BOTANICAL GAZETTE [jqly

Druidioxd (Kew Bull. 1907:90-92) has described a new genus {Chlamydites)

of Composltae from Tibet.—H. D. House (Muhlenbergia 3:37-46. 1907) has

described 15 new species of Ipomoea from Mexico and Central America.

—

Rehder
(Ehodora 9:60-62/ 1907) has published a new variety of Quercus prinoides

from Mass. and N. J.

—

Finet and Gagnepain (Bull. Soc. Bot. France IV. 6:55-

170. pis. g-20. 1906), in continuation of their Flore de VAsie orientale, have

presented the Anonaceae, including 25 genera represented by 249 species, 2^ of

which are new.—O. E. Jexxings (Ann. Carnegie Mus. 4: 73-77. pi, 20.1906) has

described a new species of Lonicera (L. aUissima) from Penn.—H. D. House (Bulb

Torn Bot. Club 34:143- 155. 1907), in his third paper on N. Am. Convolvulaceae,

has described a new species of Calycobolus.—K. K. Mackenzie {ide^n 151-155)

has described 4 new western species of Carex.—W. W. Rowlee {idem 157-159)

has described 2 new species of Salix from the Canadian Rocky Mountains.

J. M. C.

Riella and Sphaerocarpus.—In the eleventh of his Archegoniatensludien

GoEBEL discusses germination and regeneration in these aberrant liverworts/ =*

in extension of the investigations recorded in no. iv. Having an abundance of

living material, Riella being easily cultivated, he is able to show that the peculiar

"wing** of Riella is not an ^'outgrowth" from an earlier-formed midrib, but that

the germ-disk lies in the same plane as the wing and expands directly into the
»

plant (homoblastic development), as soon as the intercalary growing point is

organized and becomes active.

Herein he controverts Solms-Laxjbach and Porsild, who seem to consider

the development as heteroblastic, holding that the thallus arises, as a dififerent

structure, so to speak, from the germ-disk (which SoLMS called protonema and

PoRSiLD the primordial lobe), much as a sphagnum stem arises from its prothallus.

GoEBEL(who, however, denies any special interest in such a question), in agree-

ment with Porsild but contrary to Solms, finds no wedge-shaped apical cell in

the growing point until a late stage of development. When after injury or under

bad conditions adventive shoots are formed, whether on the thallus or germ-disk,

there is first the production of simple one-layered regions like the germ-disks, i.e.,

secondary disks, and from these the new thalli arise directly, as in sporelings.

In Sphaerocarpus the spore produces a germ tube, which at its end becomes

a multicellular cylinder with a depressed tip. From one quadrant of the cupped

end the vegetative point arises and from two others the wings proceed. The germ

cylinder thus produces the thallus homoblastically. In adventive shoots the same

phenomena recur, Goebel confirms Leitgeb's statement as to the precocious

formation of sex organs, plants only o.i™"^ shovrmg their rudiments. ^^ The

largest sterile thallus found (and this was far beyond the usual) was i"^™ long.

C. R. B.

la GoEBEL; K., Archegoniatenstudien. XI, Weitere Untersuchungen liber Kei-

mung und Regeneration bei Riella and Sphaerocarpus. Flora 97:192-214. fgs. 23-

1907.

*3 Misquoted by Campbell, Mosses and Ferns, 2 ed., 82, as "one millimeter."

4
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Respiration-—In accordance with the theory that in aerobic respiration

ox}^gen acts as a depolarizer/'* Packard finds^^ that when carbohydrates which
can be absorbed (e.g., maltose, glucose, fructose) are injected peritoneally into

Fundulus heterocUius the resistance to deprivation of oxygen is greatly increased;

which the author explains on the assumption that the sugars act as depolarizers.

He also concludes that the decrease in resistance to lack of oxygen shown by
Fundulus embrj^os in successive stages of development is due to the using-up of

material (probably carbohydrates) stored in the egg,

A paper has been published by Hruby,^'^ which conforms in general to the

more modern views as to the nature of respiration; and, though it adds nothing

new, it will aid in the propagation of better ideas among European students.

KbSTYTSCHEW rcports that Aspergillus niger fed with sugar produces little

CO2 under anaerobic conditions in a gaseous medium, but when submerged in a

sugar solution it produces CO2 and alcohol abundantly in the same ratio as in

alcoholic fermentation. ^^

Palladin and Kostytschew concluded that the anaerobic respiration

of frozen lupines and stems had nothing to do with alcoholic fermentation.^*

Now they add^^ that alcohol formation (in consequence of anaerobic respira-

tion of seed-plants) only occurs in the presence of carbohydrates; and when
they are absent CO, is formed without alcohol. The chemics of this sort of

r

anaerobic respiration they leave for further investigation.—C. R. B.

The algal flora of the tropics,

—

Fritsch^° has reached the following conclu-

sions from a study of the subaerial and freshwater algae of the tropics. There is

evidence that in the damp tropics there is always a very extensive subaerial algal

covering, which probably consists almost entirely of Cyanophyceae, which may
thus be regarded as an essentially tropical group. This group may be the descend-

ants of primitive algal forms which existed at earlier periods under conditions

analogous to those found in the damp tropics at the present day. Trentepohlia

is the only genus of green algae that is really successful in the subaerial flora. In

^4 Barnes, C. R., The theory of respiration. Box. Gazette 39:96- 1905- Math-

ews, A. P., A theory of the nature of protoplasmic respiration and growth. Biol.

Bull. 8:331. 1905.

^5 Packard, W. H., The effect of carbohydrates on resistance to lack of oxygen.

Am
^^Hruby, J., Die Atmung der Pflanzen. Beih. Bot. Centralbl. 211:156-172.

Ag-y- 3' 1907.

'7 KosTYTSCHEW, S., Uebcr die Alkoholgamng von Aspergillus niger. Ber.

Deutsch. Bot. Gesells. 25:44-50. 1907-

18 Bot. Gazette 42:397. 1906.

^9 Palladin, W., and Kostytschew, S., Ueber anaerobe Atmung der Samen-

pflanzen. Ber. Deutsch. Bot. Gesells. 25:51-56. 1907.

*° Fritsch, F. E., The subaerial and freshwater algal flora of the tropics; a

phytogeographical and ecological study. Annals of Botany 21:235-275. 1907.
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1

the submerged algal flora of tropical freshwaters the Cyanophyceae also constitute

a very important element, though not as preponderant as in the subaerial flora.

This freshwater flora is composed of forms in which narrow filaments are much

more abundant than broad ones, a fact thought to be related to the small amount

of dissolved oxygen in the water. Cladophora and Rhizoclonium are very poorly

represented, and Vaucheria and Botrydium are very rare. The Confervales are

not very well represented, and probably the Ulotrichales do not attain much

development. Spirogj^a, on the other hand, is even more abundant in the tropics

than in northern latitudes. The desmids show a marked filamentous tendency,

which may be due to poor aeration. Oedogonium is very abundant, and the

freshwater red algae are not at all uncommon.—J. M. C.

Gametophytes and embryo of Libocedrus.

—

Lawson^^ has added Libocedrus

to the investigated Cupressineae and shows that it agrees in all essential characters

with the other genera of the group, as may be seen from the following outline of

the results. No prothallial cells are formed in the pollen grain, which at shedding

contains the generative and tube nuclei. The pollen tube advances very directly

to the archegonial chamber, and upon its arrival the body cell divides to form

two large and equal male cells. One to three megaspore mother cells occur and

each gives rise to a tetrad. The functioning megaspore becomes filled with

endosperm tissue in the usual way, and the megaspore membrane is poorly devel-

oped. The archegonia range in number from six to twenty-four, and are grouped

in a single complex, invested by a single layer of jacket cells. The ventral canal

cell, as in other Cupressineae, is represented only by its nucleus. The contents

of the pollen tubes are discharged into the common archegonial chamber, so that

both male cells in a tube may function. In fertilization the male slips from its

cytoplasmic sheath and unites with the egg nucleus. The two nuclei arising

from the division of the fusion nucleus pass to the bottom of the egg and by two

successive divisions form eight free nuclei before wall-formation. The cells of

the proembryo are arranged in the usual three tiers.—^J.
M. C.

Evolution of the vascular system of ferns.

—

Tansley^^ has begun the publica-

tion of a series of lectures on the evolution of the vascular system of the Fili-

cineae, the first considering the origin of the pteridophytes. The lecturer commits

himself to the following positions: that bryophytes and pteridophytes have arisen

from the algae independently; that the alternation of generations of the former

i? ''antithetic," of the latter ''homologous;" that the prevailing habit of dichotomy

among the Filicineae indicates ancestors of the dichotomously branching thallus

type, in which the "sporangiferous thallus became specialized for assimilatory

functions;" that from such forms the "Filicales, Sphenophyllales, and Equise-

=1 Lawson, Anstruther a., The gametophytes and embryo of the Cupres-

sineae with special reference to Libocedrus decurrens. Annals of Botany 21:281-301.

pis. 24-26. 1907.

33 Tansley, a. G., Lectures on the evolution of the filicinean vascular system. I.

New Phytol. 6:25-35. 1907,
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tales originated, the first group retaining the characters of the primitive type;"

and that the Lycopodialcs "may perhaps be regarded as an extreme case of leaf

reduction in one of these lines."—J. M. C.

Apogamy in Hieracium.

—

Rosenberg=*3 finds that in Hieracium auricula

and H, venosum the development of pollen and embryo sacs is normal and fertili-

zation occurs regularly; there are 9 chromosomes in the gametophyte, 18 in the

sporophyte, and 27 in the endosperm. Most species of Hieracium, however, are

apogamous, and their embryo sacs are formed without any reduction division.

Usually they do not arise from megaspores, but from cells of the integument or

chalaza; that is, the gametophyte is aposporous and crintains the sporophytic num-
ber of chromosomes. In H. excellens an embryo sac with the reduced number
of chromosomes is often formed, but there are usually aposporous sacs in the

same head. This shows why //. excellens, in spite of its being apogamous, may

J.
also produce hybrids.

—

Charles J. Chamberlain,

Geographic distribution of closely related specijBs.

—

Lea\7TT''* has published

a study of the distribution of species in reference to their evolution. The topics

i discussed are " the effects of different evolutionary agencies upon specific distribu-

tion, *the necessity of isolation and Mendelian inheritance," "specific distribu-

tion in the animal kingdom," '*the distribution of plants," and "evidence from
' North American Orchidaceae." The problems are stated and solutions are not

attempted, but the impression of the author is that a study of the specific distribu-

tion of plants is not likely to be unfavorable to mutation as one method of evolu-

tion. He thinks that "the adherents of mutation will be able to bring forward

enough cases of social distribution to render phytogeographic weapons useless in

the attack upon this theory."—J. M. C.

, Cytology of apospory,

—

Nephrodinm pseudo-mas Rich. var. cristaia apospora

apospory

^ be found.

apogamy except parthenogenesis. Several fronds pegged down quickly produced

prothallia at the tips of the leaves, and these prothallia within three wrecks bear

pogamous embrvos. Antheridia are not uncommon, but no archegonia could

aposjx)rous

thalli apogamous

chromosomes. In N. pseudo-mas Rich. var. polydaclyla Wills, migrating nuclei,

be

var. cristata apospora Druer>' there seems to be no migration or fusion of nuclei.

Charles T. Chamberlain.

*3 Rosenberg, O., Cytological studies on the apogamy in Hieracium. Bot. Tids-

skrift 28:143-170. pis, 1-2. 1907.

I

^'^ Leavitt, Robert Greenleaf, The geographic distribution of closely related

species. Amer. Nat. 41:207-240. 1907.

5 DiGBY, L., On the cytology of apogamy and apospory. II. Preliminary note on

apospory. Proc. Roy. Soc. Lo



76 BOTANICAL GAZETTE [july

Myxomycete studies.—^Degenerating nuclei have been observed in young

sporangia of various ^iyxomycetes. Jahn^*^ finds that at an early stage in the

development of the sporangium nuclei fuse in pairs, and that the degenerating

nuclei are those which have failed to fuse. Preceding sporogenesis Jahn claims

to have found synapsis and a reduction of chromosomes- In Ceratiomyxa the

mature spore has four nuclei. When the spore germinates there is another mitosis,

and eight uninucleate swarmspores are produced from the amoeba. Swarmspores,

amoebae, and plasmodia seem to have the reduced number of chromosomes,

the 2X generation being confined to a comparatively short period in the

development of the sporangium.

—

^Charles J, Chamberlain.

A bacterial plant-tumor.—Smith and Townsend^' have demonstrated that a

gall occurring on the cultivated ^'marguerite" (Chrysanthemum frutescens) is

caused by a bacterium, for which they propose the name Bacterium tumejacieMS.

The organism w^as isolated, and in some of the experiments too per cent, of the

inoculations gave positive results, while the check plants remained free from

tumors. As the authors say, *'the number of vegetable galls known positively to

be due to bacteria is not very great. The discovery of a new one of undoubted

bacterial origin, therefore, is of considerable interest to plant pathologists, and

may be of some interest to animal pathologists, especially to those interested in

determining the origin of cancerous growths."—J. M. C.

Rate of growth in Jamaican forests.—Shreve^^ has studied the rate of leaf

growth in the rain-forest of the Jaimaican mountains, and reaches the following

conclusions: (i) that the rate of leaf growth is very slow as compared with that in

tropical trees in which it has already been measured; (2) that the renewing foliage

of deciduous trees does not grow more rapidly than that of evergreen broad-leaved

trees; and (3) that the prevalence of conditions unfavorable to photosynthesis

and transpiration would seem to ofi"er at least a partial explanation of the slow

rates of growth.

—

J. M. C.

Potato scab. ^s recently published a summary of >

potatoes and of the methods in vogue

vention. tubers

formaldehyd

is given of the newer treatment with formaldehyde gas generated by the heat

arising from the chemical action due to pouring the formaldehyde over some

2^ Jahn, E., Myxomycetenstudien. 6. Kemverschmelzungen und Reduktions-

teilungen. Ber. Deutsch. Bot. Gesells. 25:23-26. 1907-

=^7 Smith, Erwin F., and Townsend, C. O., A plant-tumor of bacterial origin-

Science N. S. 25:671-673. 1907.

^^ Shreve, Forrest, Studies on rate of growth in the mountain forests of Jamaica.

Johns Hopkins Unjv, Circ. i907:no. 3. 31--37.

29 Morse, W. J., The prevention of potato scab. Bull. Maine Exp. Sta. 141:81-

92. 1907.
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1

potassium permanganate. This new method gives ven^ good results and is

particularly useful when large quantities of tubers are to be treated.—E. Mead
Wilcox.
w

Mitotic figures.—The nature of the forces which determine the achromatic

figure is discussed by Hartog,^^ and speculations as to processes occurring in the

living cell are illustrated by ingenious experiments. Finely pulverized magnetite

under the influence of magnets was made to take the form of the familiar mitotic

figures. Photographs of these magnetic figures showing centrosomes, centro-

spheres, polar radiations, mantle fibers, and central spindles are given. Tripolar

and quadripolar spindles were easily produced.

—

Charles J. CiiAivmERLAiN'.

The xerophytic character of gymnosperms.—Miss Stopes^^ has brought

together the data in reference to xerophily among the gymnosperms, and concludes

'^that the xerophytic characters of the Coniferales in many cases are not adapta-

tions to xerophytic conditions in their own times, nor are they inherited' from

the remote past as vestigial characters, but are the result of physiological limita-

tions of the type of wood in this ancient and incompletely evolved group. In other

w^ords, their 'xerophytism' is not ecological, but phylogenetic."—J. M. C.

Embryogeny of Gnaphalium.—The occurrence of parthogenesis in Anten-

naria suggested to ScniLLER^^ an examination of the nearly related genus Gna-

phalium. A study of G. supinum, G. stivaticum, and G, nliginosum showed the

normal formation of four megaspores in the nucellus, a normal embryo sac with

the rather extensive antipodal development characteristic of many Compositae,

and the regular occurrence of double fertilization. AVhen pollination is pre-

vented no embryos are formed.

—

Charles J. Chamberlain.

Course of pollen tube in Sibbaldia.—According to Albaxese,33 the growth

of the integument in S, prociimhens continues until the micropyle is entirely closed.

The pollen tiibe

reaches the embryo sac. This course of the pollen tube and also the described

cases of chalazogamy are regarded not as primitive conditions hut as variations

from the porogamic type. Sibbaldia often shows several embryo sacs in a single

nucellus.

—

Charles J. Chamberl.ain.

30 Hartog, Marcus, The dual force of the dividing cell. Part I. The achromatic

spindle figure illustrated by magnetic chains of force. Proc. Roy. Soc. London 76:

548-675. pis, g-ii, 1905.

3^ Stopes, M
it

is it an

ecological" adaptation? New Phytol. 6:46-50. 1907.

3* Schiller, Josef, Untersuchungen iiber die Embryogenie in der Gatiung

Gnaphalium. Oesterr. Bot. Zeits. 57:137-142. pi. 5- ^9^7-

33 Albanese, Nicol5, Ein neuer Fall von Endotropismus des Pollenschlauches

und abnormer Embryosacksentwickelung bei Sibbaldia procumbens L. Sitzber.

Kais. Akad. Wiss Wien ii^:i-2a. i)ls. 1-2. loo^.
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Elementary species and hybrids of Capsella.

—

Shull^^ has published an

extract from his paper at the recent New York meeting of the American Associ-

ation. The raising of over 20,000 ^^pedigreed" specimens demonstrated the

presence of at least four elementary species that breed true when self-pollinated or

crossed within the limits of the same elementary form. The bearing of these

experimental results upon questions of plant-breeding under discussion is com-

pactly outlined.—J. M. C.

Sporogonium of Notothylas.

—

Lang^^ has made a study of the sporogonium

of a Notothylas, presumably N, Breutelii, growing in the Singapore Botanic

Gardens. The embryogeny is in no way different from that of the other Antho-

cerotales except that more or less of the endothecium is sporogenous. Lang

thinks Notothylas is a rather artificial genus which includes a number of forms

derived by reduction in size of the sporogonia from one or more Anthoceros-like

forms.—W. J. G. Land.

Sporangium of Equisetum.

—

Haw^kins^*^ has described a situation in the

development of the sporangium of Eqiiisetum hiemale which is hard to understand.

The superficial sporangium initial divides periclinally, as usual, but the inner cell

is said to be sterile, and the outer to give rise to the sporogenous tissue, which is

certainly not the eusporangiate habit. With this interpretation, the sporogenous

tissue is superficially exposed and forms the so-called wall-layers.—J. M. C
Ovules of Juniperus.

—

Kubart^^ regards the ovulate structures in Juniperus

as a single flower and not as an inflorescence, the ovules being simply transformed

leaves, and the ovuliferous scale an aril. The ovulate and staminate flowers

show a perfectly analogous structure. The paper contains a short discussion

of the phylogeny of gymnosperms.

—

Charles J. Chamberlain.

Formative substances.

—

Child^s thorough criticism of the hypotheses of

^'formative substances" as applied to the phenomena of development, regenera-

tion, polarity, etc., in animals deserves attention by botanists, since like general

assumptions, which involve special assumptions in an endless chain, have some

currency in plant physiology.-^^—C. R. B.
i

-54 Shull, George H., Elementary species and hybrids of Bursa. Science N. S.

25:590-591- 1907-

35 Lang, W. H., On the sporogonium of Notothylas. Annals of Botany 21 :
201-

210. pi. 21. 1907.

36 Hawkins, Lon A., The development of the sporangium of Equisetum kyemale.

Ohio Nat. 7:122-128. pis. Q-io. 1907,

.
37 Kubart, Bruxo, Die weiblichc Bluthe von Ju?iiperus communis L. Sitzber.

Kais. Akad. Wiss. Wien 114:1-29. pis, 1-2. 1905.

3^ Child, C. M., Some considerations regarding so-called formative substances.

Biol. Bull. 11:165-181, 1906.
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NEWS
Dr. G. R. Wielano, Yale University, is spending five months in Europe in

a study of the collections of cycads.

Franxis Darwin has been nominated by thj council president of tht^ British

Association for its Dublin meeting next year.

Sir Joseph Hooker was awarded the Linnean gold medal of the Royal

Swedish Acadt,my at the Linnean bicentenary.

Dr. J. B. Overton, hitherto instructor, has been promoted to be assistant

professor of botany in the University of Wisconsin.

F. M. Andrews, associate professor of botany in Indiana University, has

leave of absence for a year of study in Germany.

Rob. E. Fries has published an extended account of the life and work of

Linnaeus in Engler's Botanische Jahrhiicher (41 : 1-54. 1907).

Professor William Trelease received the degree of doctor of laws at the

fiftieth anniversary of Washington University, St. Louis.

Dr. Mintin a. Chrysler, instructor in botany in Harvard University has

been appointed professor of botany in the University of Maine.

The gold medal of the Linnean Society, London, has been awarded to

Dr. Melchtor Treub, Director of the Botanical Garden at Buitenzorg.

Dr. Maxwell T. Masters, editor of The Gardeners* Chronicle, and especi-

ally interested in the classification of conifers, died May ^Oj at the age of 74 years.

Dr. H. Hasselbring, University of Chicago, has been appointed assistant

botanist at the Government Agricultural Experiment Station, Las V^gas, Cuba.

Dr. J. E. KiRKWooD has been promoted to a professorship of botany in

^ Syracuse University, and the sub'ect is now recognized as a distinct department.

botany

Dakota.

appointed professor of botany

Dr. Henry C. Cowles, University of Chicago, left on June 20 with a

party of twenty-two students, to spend six weeks in Oregon and six weeks in

Alaska in ecological study.

F, E. Lloyd has been apfx)inted special investigator in the Agricultural

Experiment Station, Tucson, Arizona, lo study certain problems connected with

the development of the date.

Dr. E. N. Transeau, now at the Carnegie Station for Experimental Kvolu-
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Normal School at Charleston, HI.

ppointed professor of botany

Professor Charles E. Bessey, University of Nebraska, on May 14

delivered an address on ^'The Place of Linne in Science" before the Botanical

Club of the University of Chicago. .

The University of Upsala, in connection with the commemoration of

the bicentenary of Linnaeus, conferred honorary degrees upon W. G. Farlow,

William Carruthers, and Francis Darwin.

Erratum.—Three figures W'ere unfortunately misplaced in Mr. H. D.

paper on '^ Convolvul

June number. Corrections should be made as follows: For fig. 2, p. 411,

i
fi'g. 4; for fig. J, p. 412, read fig. 2; and for fig. 4, p. 412, read fig. j. The

per

ground
University of Chicago as a Botanic Garden. It adjoms Washington Park and

fronts the Midway Plaisance, and is therefore very near to the botanical labora-

tory. It is to be strictly a laborator}' garden, and will very much extend the facili-

ties for experimental work. This area will be doubled as the plans develop.

The herbarium of the University of Chicago has been deposited in the Field

Museum of Natural History. It contains the collection brought together by

Professor Coulter during the period of his activity in taxonomy. This arrange-

ment enables the university to offer facilities for research work in the classifica-

tion of the higher plants, and incorporates with the collections of the Field ^luseiun

sets and types that will soon be made accessible for study in that admirably

managed establishment.

THE

can Code of Botanical Nomenclature" is published. It was prepared by the

American

after a study of the rules and recommendations adopted by the Vienna Congress

of 1905. Exception is taken especially to the failure to recojmize

types

homonym

J
be American

signing it will not be bound by the ml

the Vienna Congress; but how far this attitude represents American botanists

remains to be seen. The Botanical Gazette, while not in full accord with

all the rulings of the Vienna Congress, is decidedly in favor of any international

win American

d be con-

I be estab-

lished is international agreement
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Dramatic Traditions

the Darii Ages

By JOSEPH S. TUNISON

HIS book will be of deep interest

to the following classes of lettered

persons: actors, because it deals

with something of stage technique;

dramatists, because it raises the question
of the definition of the drama; literary

historians, because the author has
strayed beyond conventional limits; gen-
eral historians, because he has tried

openly to subvert received opinions as
to the first half of the mediaeval period;

the regular critics of the stage, because
he has sought dramatic traditions out of

the theater as well as within; Greek and
Latin classicists, because their attention

is called to very good reading in a period
of decadence; Rpmanticists, because the

author is skeptical of all pretenses to

originality; ecclesiastics, because the

chapter of the theater in the history of

the church is one they have neglected;
general readers and amateur students of

the drama, because they will find novel-
ties, and novelties are always of interest.

The book is written with the candid in-

scattered factstent concentrating
upon lines leading to a rational hypothe-
sis respectmg an
history.

important period

It gleans, if it does not reap, a
neglected field. It can hardly fail

stimulate investigation in the mediaeval
drama, and it opens up the rich, almost
forgotten realm of Byzantine literature.

Its most vital purpose will be served, if

it wakes men of letters of all ranks to

the fact that they have missed something,

CONDENSED TABLE OF CONTENTS
Chapter I. Traditions Due to the War Between

Church and Theater
Chapter IT, Traditions of Dramatic Impulses in

Religion
«-HAPTER III. Eastern Traditions and Western Devel-

opment
Chapter IV. Traditions by Way of Ancient and

Mediaeval Italy,

3SO pages. i2mo, cloth. Net $/.2S

Postpaid S/,36

ADDRESS DEPT. P

THE LNlVtRSlTY OF CHICAGO PRESS
CHICAGO NEW YORK
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ing, improper food and inattention to
diet. The digestive organs are inert, the
weakened membranes of the overtaxed

stomach are unable to perform their func-
tions, and the food you force yourself toeat
distresses instead of nourishes. Nothing
will do more to stimulate the appetite and
aid digestion than
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J
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muscles isquickly absorbed by the tissues.
At the same time, the digestion of other
foods is aided by promoting the flow of di-

gestive juices, while the tonic properties
of the hops create an appetite and tone up
the system, thus assuring a speedy return
of health.

l^Bst Extiact
t&e^^CsT Tonic

creates an appetite, aids in the digestion of

other foods, builds up the nerves and mus-
cles of the weakened stomach and con-
quers dyspepsia. It brings strength to the
weak and overworked, induces refreshing
sleep and revives the tired brain.
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Basket Type Machine
Whether you are Interested in the mechanical features of a typewriter or not, if yoo arc buying rypcwntert

you are most vitally concerned in two things.
First, youf typewriter should write in sight. It's reasonable that 11 you can sec what you are doing,

you can do more than when your work is hidden from view.
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420 pages, Syo, cloth; net |2 oo, postpaid I2.17

The author has a twofold object in the presentation of this work; first, the

discussion of the methodology of sociology with special reference to the study of

social evolution; second, the application of this point of view in the consideration

of the development of European civilization. The first subject is discussed in the

introductory chapter, thus separating the most technical part of the work from

that which is more likely to prove of interest to the general reader.
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PUBLICATIONS IN

Economics Sociology History

Political Ecox^otny^
Lee-Railway Organization and Working,

tures by Prominent Railway Men. Edited by
Ernest R. Dewsnup. 510 pp., small, 8vo,
cloth; net, $2.00; postpaid, $2.16.

"One of the most valuable and instructive books dealing with
railway problems ever published."

—

Chicago Tribune.

Lectures on Commerce : Delivered before the

College of Commerce and Administration of

the University of Chicago. Edited by Henry
K. Hatfield, viii + 388 pp., 8vo, cloth; net,

Sl-SO; postpaid, $1.63,
" A valuable collection of lectures."

—

The Financier.
*' The lectures are full of valuable information."

—

The Engineer,
** The book is a valuable one for every railway man and student

of transpoitation."

—

Railway and Engineering Rtvietu.
There is not a dull pa^e in the book."— CAiVa^c? Banker,

A History of 'the Greenbacks, with Special
Reference to the Economic Consequences of
Their Issue. By Wesley C. Mitchell.
xvi + 578 pp., 8vo, cloth; net, ;?4.oo; postpaid,

$4.24.
" It is far superior to anything else in the same field."—/•<!/»/*<•«/

Science Quarterly,
" The book is of the utmost importance."—CAiVa^^) Banker,
' It has already taken rank as the standard treatise on this inter-

esting and important epoch of our monetary and financial history."—The Dial,

Legal Tender: A Study in English and Amer-
ican Monetary History. By Sophonisba
P. Breckinridge, xviii + 182 pp., 8vo, cloth;
net, JS2.00; postpaid, 52. 13.

" As a study of debasement and depreciation it has high merit."
—Annals ofAtnerican Academy ofPolitical and Social Science,
" Such a work as has been done by Miss Breckinridge is of great

value."~Banker and Tradesman,

The Political and Constitutional History of the
Cumberland Road. By Jeremiah S.Young.
108 pp., paper; net,;gl.oo; postpaid, $l.o8.

Political Science
The Police Power. By Ernst Freund. xcii +

820 pp., royal 8vo, buckram; net, ^6.00; post-
paid, ^6.40.

" The book is intended for lawyers and law students, but it has a
broad public usefulness."—TAf Outlook,

The Legal Nature of Corporations. By Ernst
P^REUND. 84 pp., royal 8vo, paper; net, 50
cents; postpaid, 54 cents.

Russian Political Institutions. By Maxime
KOVALEVSKY. X+ 300 pp., crown 8vo, cloth;
net, $1.50; postpaid, ;S5i.6i.

•' Professor Kovalevsky's work is of serious value. He writes with
knowledge and authority."—^m^rtVaw Historical Re-vie-w.

• Professor Kovalevsky's work fills a void in English Literature.
It deserves lo be carefully studied,"- -English Historical Review,

Sociologx and A.ntHx*opola^X
General Sociology. By Albion W. Small,

xiii+739 pp., 8vo, cloth; net, $4.00; postpaid,

^4.23.

A Decade of Civic Development. By Charles
ZtJEBLlN. 200 pp., illustrated, i2mo, cloth;

net, S1.25 ; postpaid, ;5Si.38.

A History of Matrimonial Institutions, Chiefly

in England and the United States. By
George E. Howard. Three volumes. 1470

pp., 8vo, cloth; net, $10.00; postpaid, $10.70.

(European agent: T. Fisher Unwin, London.)

The Significance of Sociology for Ethics.

Albion W. Small. 40 pp., 4to, paper; net,

50 cents; postpaid, 54 cents.

Practical Sociology in the Service of Social

Ethics. By Charles R. Henderson. 26 pp.,

4to, paper; net, 25 cents; postpaid, 28 cents.

The Physical Characters of the Indians of

Southern Mexico. By Frederick Starr.
With a color chart and 30 half-tones. 60 pp.,

4to, paper; net, 75 cents; postpaid, 81 cents.

History
The Legislative History of Naturalization in

the United States- By Frank George
Franklin. 318 pp., i2mo, cloth; net, $1.50;

postpaid, $1.63.

"A decidedly useful raonogfraph."

—

Outlook.

Russia and Its Crisis. By Paul Milyoukov.
xiv+ 588 pp., crown 8vo, cloth; net, $2i-00l,

postpaid, $3.20.

The Development of Western Civilization,

A Study in Ethical, Economic, and Political

Evolution. By J. Dorsey Forrest. 420 pp.,

8vo, cloth; net, $2.00; postpaid, $2.17.

The Second Bank of the United States. By
Ralph CH. Catterall. xiv + S38 pp., 8vo,

cloth; net, $3.00; postpaid, $3.22.

The Silver Age of the Greek World. By John
P. Mahaffy. 490 pp., small, 8vo, cloth; net,

;?3.oo; postpaid, 53-17.
•'The book is the only one of its kind in English, and will always

be read .... with entertainment."

—

Nation.

The Progress of Hellenism in Alexander's

Empire. ByJoHK P. Mahaffy. vi + i54PP-'

i2mo, cloth; net, $1.00; postpaid, $i.io.

Decimus Junius Brutus Albinus. By Bernard
CamillUS Bondurant. 114 pp., 8vo, paper;

net, 75 cents, postpaid, 80 cents.

The Code of Hammurabi, King of Babylon

(about 2250 B.C.). Edited by Robert F. Har-

per. Second edition, xvi + 192 pp., 103 plates,

large 8vo, cloth; net, $4.00; postpaid, S4.28.
" students of Assyrian owe a great debt to Professor Harper for

the learned and carefully and completely edited text of this anclem

and interesting code.*'—/"A^ Outlook,
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BAUSCH LOMB
New Model BH Microscope

BE 4 Microscope

$32.00

CONVENIENT
DURABLE
INEXPENSIVE

Designed for use in

colleges and secondary
schools.

Handle in the arm per-

mits its being easily car-

ried.

Newly constructed fine

adjustment is very re-

sponsive and not easily
affected by continued use.

AH working parts thor-

oughly protected from
dust and dirt. Circular
noscpiece, dustproof.
Send for descriptive cir-

cular.

"PRISM" is a little mag-
azine we publish monthly.
Not a mere advertisement,
but a beautifully made and
printed little publication
about that world of wonder
and beauty .seen by the
lens. Send us your name
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THE ALTERNATION OF GENERATIONS AND THE
MORPHOLOGY OF THE SPORE FORMS

IN THE RUSTS

A. H. Christman

(with plate vii)

DeBary (8) was the first to establish the doctrine of heteroecism

and explain the relationships between the fructifications occurring

in a complete life-cycle of a rust having all of the spore forms. He
first proved by inoculation experiments that sporidia from teleuto-

spores of Puccinia graminis Pers. when sown on the barberry produce

there the spermagonia and aecidia, and further that these aecidio-

spores taken from the barberry will again produce infections upon

wheat.

In case of rusts which do not show a complete series of these spore

forms it has been supposed and is still assumed to some extent that

the missing stages exist, but are simply unknown in their correct

relation to the known spore forms. But the methods of cross-infec-

tion, first successfully used by DeBary (8, g)^ have led to the solu-

many
rusts

that one or more of the spore stages found in rusts with a complete

life-cycle of the P. graminis type are regularly lacking in certain other
4

rusts.

^psis
^ _ — ^ „ ^

hemi-, lepto-, and micro- forms, with their abbre\nat(

become of special importance since the discovery of sexuality and

alternation of generations in the rusts. When comparing the com-

8i

•1
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plete life-cycle of a form like Phragmidium violaceum with that of

Phragmidium potentillae canadensis^ in which the aecidium is lacking,

the question at once arises whether forms with a less number of spore

types are to be considered as primitive and incomplete and in the

process of developing into the conditions in Eupuccinia, or whether

they are reduced and degenerate types. This question can be settled

only on the basis of a complete morphological analysis of all the

spore forms in question, and the following studies were undertaken

as a contribution toward this end.

The most varied morphological interpretations have been given

for each of the spore forms of the rusts, and it is worth while to sum-

marize briefly the literature from this standpoint-

DeBary^s (id) interpretation of the relations of the spore forms,

given more than twenty years ago, has been recognized by many
even to the present day as authoritative. He says: ^'The develop-

ment of the aecidium-forming Uredineae agrees so nearly with that

of the typical ascomycetes that certain stages in each group may
be regarded as homologous with one another, though it must be

allowed that the proof of the homologies is not quite perfect," The

description of the formation of the aecidium cup is given somewhat

as follows: The earliest stages consist of a tangled weft of hyphae.

These enlarge, forming a dense mass which has the appearance of

pseudo-parenchyma. This mass corresponds very well to the peri-

thecium of certain ascomycetes. The hymenial cells appear at the

base of this mass. From these club-shaped "basidia" the spores are

abstricted to form rows. In his theoretical discussion DeBary sug-
I

gests the possibility of the hymenial layer having its origin in some

lar^e central female organ at the base of the aecidium. He was^w v,..^x..«.x *v,xx.^^v. v^Xq

unable, however, to harmonize this view with what was known of the

caeoma type of the aecidium.

In 1888, Massee (18) figured and described a peculiar organ

occurring in the aecidium of Uromyces poae Rab. He made sections

of the infected leaves of Ranuncuhis ficaria, and these sections were

kept alive and studied as the processes went on. Massee found a

large club-shaped branch at the base of the future pustule. A smaller

antheridial cell was formed near by and fused with this oogonium,

but the union was not clearly made out. The antheridium became
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empty and dwindled, while the oogonium became large and dense

.
and nodules budded out upon its surface. These nodules elongated

and formed the ^^basidia" from which the rows of aecidiosporcs are •

abstricted. Those nodules formed near the base of the oogonium

produced the peridium. Before the fusion he finds in the oogonium,

on staining with methyl green, a well-defined nucleus. After the

union with the antheridium, Massee observed several small nuclei

in this organ. As to the nuclei of the nodules he gives us no data.

This account of the origin of the aecidium would lead naturally to

the conclusion that the aecidium cup is a unit structure arising from

a single fertilization. In that respect it would be perfectly comparable

to the ascocarp.

Rosen (23) in 1892 gave quite a different account of the forma-

tion of the aecidium in the case of Uromyces pisi Pers. In this form

the end cells of the hyphae which bear the spores become much
enlarged and at first contain one nucleus. This divides and the two

so formed lie in the vertical axis of the cell. The one nearer the apex

of this '^basidium" divides to form two, and the portion of the cell-

containing them is separated off by the formation of a wall. This

leaves the "basidium'' containing one nucleus and the process may
be repeated. Rosen gives no account of a central organ from which

the hyphae bearing the "basidia'^ arise. In the absence of such an •

organ the argument that the cup is the unit structure loses force.

This would be even more markedly true if the same account of spore

formation were found true for the aecidia of the caeoma type.

A year later Dangeard and Sappin-Trouffy (7) published an

account of work done on the aecidia and also the teleutospores of

various rusts. They interpret the fusion of the nuclei occurring

in the teleutospore as being a fertilization and give to the process

the name pseudojecondation. They regard the mature teleuto-

spore as a fertilized egg and attach little significance to the origin

of the binucleated condition. Sappix-Trouffy also made some

observations upon the spore-formation in other stages of the rusts.

In the teleuto pustules of Gymnosporangium sahinae he found that

one of the two nuclei of the ''hymenial cell" enters the bud. A
wall separates the bud from the basal cell; after which the single

nucleus divides. These two nuclei now lie side by side in the bud
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and a simultaneous division occurs. A cell wall is then formed which

separates thfe top or spore cell from the pedicel, Sappin-Trouffy

(25) later describes a similar budding in the urcdospore pustule of

Uromyces hetae Pers. The process is the same except that a conjugate

division of the two nuclei in the basal cell provides two nuclei for the

young bud, instead of the basal cell sending one of its two nuclei into

the bud. In my opinion it is altogether likely that the nuclear behavior

in Gymnosporangium sahinae is the same as that described for Uromy-

ces hetae. In connection with his account of Uromyces hetae^ Sappin-

Trouffy points out the morphological likeness between the inter-

calary cell of the aecidium and the stalk cells of the uredospores,

Sappin-Trouffy (25) also shows that the cell at the base of the

row of aecidiospores remains binucleated during spore-formation.

The nuclear phenomena found in Uromyces erythronii DC-
are different from those described by Rosen. The two nuclei

which normally lie irregularly placed in the end cell of the "spor-

iferous filament" come to lie side by side just before division.

Simultaneous division of the two nuclei provides two nuclei for the

cell which is to be separated off and leaves two to remain in the end

cell of the hypha. Sappin-Trouffy finds that in a great many rusts

the binucleated phase has its beginning in these end cells. In his

account there is no mention made of a large central organ such as w^as

described by Massee. His observ^ations, like Rosen's, would indi-

cate that the rows of spores are perfectly independent structures.

PoiRAULT and Raciborski (21) gave a similar account of the

behavior of the cells at the base of the aecidium. They believe that

a single spindle is formed in the process of conjugate division, and

with the work of Sappin-Trouffy mentioned above have established

quite satisfactorily that the two nuclei of the cells of the uredo and

teleuto stages have each a distinct line of ancestors dating back to

the basal cell of the aecidium at least.

In 1896 Richards (22), working on Uromyces caladii FarL, found

a large hypha, which he called the fertile hypha, at the base of the

young aecidium. This hypha gives rise to several short branches, on

the ends of which are borne the rows of spores. The "basidium,''

as he calls the end cell of one of these short branches, contains two

or more nuclei; one migrates to the apex and there divides. The
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portion of the ^^basidium'^ which contains the two nuclei is separated

off by a wall. Richards' obser\^ations on nuclear behavior are of

rather uncertain value, since he believed that all parts of the aecidium,

including the vegetative mycelium, contained binuclcated cells. He
describes the same general method of aecidium-formation for the

aecidia on Houstonia caeriilea and Ranunculus septenlrionalis. The
process here described shows a marked resemblance to that found

by Massee. There is a large hypha^ which may be the outgrowth

from a sexual cell or may have so originated in the ancestors of the

rust.

INIaire (16), in 1900, found in Endophyllum sempervivi Alb. &
Schw. that the vegetative hyphae consist of uninucleated cells to their

very ends in the base of the aecidium. These end cells, however,

enlarge and become binucleated by a nuclear division unaccompanied

by a cell division. Upon this binucleated end cell the spores are

borne. Maire holds this process to be quite universal in the aecid-

ium. In another paper (17) published about the same time, ^Iaire

compares the life-history in the Uredineae with that of the mosses

and ferns and of cyclops. He sees in the beginning of this binu-

cleated phase in the life-cycle the change from gametophyte to sporo-

phyte, and in the fusion of the nuclei in the teleutospore a ^^mixie,"

while in the germination of the teleutospore and in the promycelium

there occur the reduction divisions. The doctrine of alternation of

generations in the development of the rusts, while opposed in essential

points to the views of Dangeard and Sappin-Troufey, has found

confirmation in the later work of Blackman and myself-

Blackman (2) in 1 904 was perhaps the first to show that two cells

are concerned in the production of the binucleated cell at the base of

the row of aecidiospores. In Phragmidium violaceum Wint. he found

a series of large uninucleated cells standing vertically beneath the epi-

dermis of the host. Each cell cuts oflf a sterile apical cell and then

becomes binucleated by the entrance of a nucleus from one of the

neighboring vegetative cells. This nuclear migration is accomplished

by the smaller nucleus from the vegetative cell penetrating the wall

by drawing itself through a small perforation. Blackman terms this

cell containing the two nuclei the fertile cell, and from it the row of

spores and intercalary cells is produced. Blackman agrees with
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JMaire in his general conclusions regarding the chromatin fusion and

reduction in the maturing and germination of the teleutospore* He

further believos that the entrance of the vegetative nucleus is to be

interpreted as a fertilization, though describing it as a '^reduced fer-

tilization" which has replaced a former fertilization by a true male

cell—the spermatium.

Shortly after the appearance of Blackman's paper, I described

(5) a true fertilization in a somewhat similar form

—

Phragmidium

speciosiim Fr. The method of union of the two cells was found to be

decidedly different. The cells combining are of approximately equal

size, as are also their nuclei. Two such cells come together at some

point on their adjacent walls. A considerable portion of the walls

in contact dissolves away and the two protoplasts fuse. This large

structure now elongates and from its apex a row of spores is abstricted

(fig. i8). The same general behavior of the cells was found to occur

in the aecidium of Uromyces caladii. Here, however, the cell pro-

duced by the fusion of the gametes elongates to a greater extent than

in Phragmidium speciosum, and the two nuclei wander out into the

elongated portion and remain there during spore-formation. The

two bases of the gametes are often nearly obliterated. On the basis

of these facts it was suggested that the rusts were after all more closely

related to the lower fungi than to the red algae and ascomycetes.

Certainly the union of the two cells is very like the zygospore forma-

tion common in the lower forms.

Blackman and Fraser (3) in 1906 confirmed Blackman's pre-

vious observations on nuclear migration, this time working on the

aecidium of Uromyces poae Rab. As described for Phrag, violaceum,

they found that the nucleus migrates through the cell wall. Similar

migrations were found in the aecidium of Puccinia poarum Niels.

In the aecidium oi Melampsora Rostriipi Wagn., distinct evidences

were obtained of the fusion of two large equal cells. In Puccinia

malvaceanim !Mont., Puccinia adoxae DC, Uromyces scillarum Wint.,

and Uromyces jicariae Lev., BLACKMANVas unable to locate the origin

of the binucleatcd phase. He suggests that a nuclear migration

occurs in the hyphae some time between the infection with sporidia

and aecidiospore-formation.

Still later (1907) I have described (6) a fusion of cells similar to



I

«

(

t

i

1907] CHRISI^MAN—MORPHOLOGY OF THE RUSTS 87

that previously described for Phrag. speciosum and Uromyces caladii,

but occurring in the formation of the primary urcdosporcs of Phrag.

potentillae canadensis Fr. The conditions here resemble those in

Uromyces caladii more closely in that the nuclei leave the bases of the

ametes

of the fusion cell {jig. ig). The first cell is separated off from this

basal cell much as it is in the typical aecidium. This cell divides

into a spore and into the smaller sterile cell, in the aecidium known
as the intercalary celL Here this sterile cell elongates to form a stalk

upon which the spore is borne. A second spore and stalk arc formed

beside the first by the pushing-out of a bud which is separated from

the basal cell by a wall. This cell is formed into a spore and stalk cell

in the same manner as was the first. These observations confirm

most positively Winter's (27) suspicion that the primary urcdo

represents the aecidium of the Brachypnccinia forms and suggest

further the morphological likeness between the stalked spores and

those which are borne in rows and are separated by intercalary cells.

The earlier wTiters were plainly of the opinion that the aecidium

cup had its origin in a single sexual organ, in which case apparent

homologies between the aecidium cup and the ascocarp were con-

ceivable. The existence of a fusion at the base of a cup from which

the spore-bearing hyphae arise is still not established. Even if estab-

lished it would leave the development of the caeomas unexplained.

All later work has shown the rows of spores to be independent of one

another in their development, both in the caeomas and in the cuplike

aecidia. There can be no question that there is an apparent mor-

phological equivalence between a row of spores of the caeoma and a

row of spores in the aecidium cup. That being the case, it would

appear that the latter is simply a more compact and protected condi-

tion inclosed within the pcridium. It is plain that this peridium is not

to be compared with the perithecial wall of the ascocarp, since the

latter is purely gametophytic, being an outgrowth from those hyphae

which bear the gametes. The peridium of the aecidium cup is well

known to consist of rows of abortive spores and hence is sporophytic.

The sterile mass of cells, which DeBary compares with the perithe-

cium and which appears before the hymenium is laid down, is perhaps

comparable to the sterile cells which are cut from the gametes in
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the caeomas just before the conjugation. From the closely built

structure of the aecidium cup it would not necessarily follow that

the structure is developed from a single organ^ since we have uredo-

spore pustules in the Coleosporiums, which, without having a perid-

ium, are quite as compact as are the aecidium cups of such a form

as Uromyces caladiij and no sexual process can be assumed to have

occurred in their origin.

As a foundation for a correct morphological interpretation of

these various spore forms, I have undertaken a careful study of

the development of those spore types which do not originate in a

fusion cell.

UREDOSPORES

The secondary uredospores of Phragmidium potentillae canadensis

are especially interesting because of their general resemblance to the

primary uredospores which arise from a fusion cell as I have described
r

(6). The secondary uredospores also arise from a large basal cell

which contains two large nuclei. The basal cell here is borne upon

a mycelium of binucleated cells {fig. i). No fusion occurs in its

formation, but it is plainly the equivalent, in its mature condition, of

the so-called ^'basidium^' of the aecidium cup which arises from a

fusion cell. The two nuclei of the basal cell divide by conjugate

division, and the pair of daughter nuclei lying in the distal portion of

the basal cell are separated off by a cross wall, thus forming the first

spore-initial cell. A further conjugate nuclear division, followed by

a cell division, at once separates this initial cell into a spore and a

smaller cell below, which elongates to form a stalk upon which the

spore is borne (fig. 2). About the time the first spore is formed, a

bud appears on the basal cell beside the stalk of the first uredospore

(fig. 3). A second simultaneous division of the nuclei of the basal

cell provides this bud with two nuclei, leaving two in the basal cell.

A wall now separates off this second uredospore-initial cell (fig. 4).

It in turn divides, forming a second spore and stalk in the manner

described for the first (fig. 5). In the same manner a third spore is
X

produced (fig. 21).

On comparing these figures with the ones given in my descrip-

tion of spore-formation in the primary uredo (6) of this same rust,

the striking likeness is at once apparent. The only difference lies
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in the method of formation of the basal cells and in the binucleated

condition of the vegetative mycelial cells from which they arise. The
primary uredosorus arises from a mycelium of uninucleatcd cells

(fiS' 6)} while the secondary uredosorus arises on a mycelium with

regularly binucleated cells {fig, i; compare jigs, ip and 21).

Like the secondary uredospores of Phragmidium potentillae cana-

densisy the uredospores of the Coleosporiums are borne upon a myce-

lium of binucleated cells. On this mycelium large basal cells are

formed in the same way as in Phragmidium. When the spores

form, however, as figured and described by Holden and Harper (4),

the second uredospore-initial cell is cut off directly beneath the first

spore and intercalary cell. This is repeated in the case of the follow-

ing spores^ and a row of uredospores separated by intercalary cells is

formed, having exactly the appearance of the rows in the true aecid-

ium {fig, 20).

Uredospores are generally unicellular, but, as Roze (24) and later

Jacky (15) have show^n, the uredospores of Puccinia chrysanthemi

^ are quite commonly two-celled.

teleutospores

I have studied in detail the formation of the teleutospores of

Puccinia podophylli S., and a similar series of cell phenomena to

those described for the secondary uredosporc of Phragmidium poten^

tillae canadensis is to be observed here. A series of large binucleated

cells is formed beneath the epidermis of the host. These cells are
w

the ends of hyphae which are made up entirely of binucleated cells

and are in position and general appearance exactly like the basal

cells of the uredosori, and like those cells bear the spores. Conju-

gate nuclear division followed by cell division now separates off a

large distal cell or teleutospore-initial cell {-fig, 7). As in the case of

the uredospore, this cell now divides to form the spore and the stalk

{f'S^ ^)- In the genus Uromyces the teleutospore remains unicellular.

Here, however, like the uredospore of Puccinia chrysanthemi^ this

one cell divides to form the characteristic two-celled spore of the

genus Puccinia, As is w^ell known in Triphragmium and Phrag-

midium, three and four-celled spores are produced from a single

im'tial spore-cell. It is plain that this multiplication of cells in the

1
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teleutospore increases the number of sporidia produced and so

increases the chances of infecting the aecidium host the following

pring- The developmental stages in this case were worked out in

greater detail in connection with the formation of the second spore

produced from the basal cell. About the time the cell division for

the formation of the first spore is complete, a hyphal bud is pushed

up beside the stalk of the first spore. A nuclear division occurs in

the region of the neck of this bud (fig. g). The spindles are here so

placed that there can be no question but that a daughter nucleus

from each of the nuclei of the basal cell wall enter the bud, while the

other two daughter nuclei will remain in the basal cell. The bud

is separated from the basal cell by a wall, thus forming the second

teleutospore-initial cell. A simultaneous nuclear division follows

within this cell {jig. lo), and a cell wall cuts off the spore cell and the

stalk cell. That it is the upper one of these two cells which produces

the two cells of the teleutospore is shown in fig, ii, where the cell

wall is just forming, A third bud is formed at about this time and a

third spore is produced in the same manner as has just been described

(fig. 12).

While at work on the teleuto stage of Puccinia podophylli a further

interesting phenomenon was observed. The occasional occurrence

of trinucleated cells, together wath Blackman's account of migra-

tions of nuclei among vegetative cells in Puccinia poarum, suggested

that possibly nuclear migrations occur in the fungi, as well as in the

higher plants, as purely pathological phenomena.

MiEHE (19) has shown that when the epidermis is stripped from

the leaves of Allium nutans the nuclei of certain cells become pointed

and finally a thin beak penetrates the wall into a neighboring cell.

The portion of the nucleus which has passed the wall enlarges to

form a highly refractive, densely staining vesicle. This vesicle

increases in size as the nuclear material finally passes over into the

foreign cell. Miehe has found cells containing as many as five

nuclei as a result of such migration. The explanation given is that

the condition is a pathological one in which the nuclei migrate as a

reaction to the wound inflicted in removing the epidermis.

ScHURHOFF (26} found essentially the same phenomena occurring

in Iris germanica. He also mentions the formation of the vesicle

which has a marked affinity for the red of the triple stain.
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A careful study of the telcutosori of Puccinia podophyUi revealed

that nuclear migrations are quite common here. This was particu-
+

larly true at the base of the spores and in the margins of the sori.

The nucleus forms a beak which penetrates into a neighboring cell

{fig. 13). This projection elongates, forming a sort of thread as the

material of the nucleus passes over into the foreign cell (fig, 14).

At this stage the elongated portion of the nucleus loses its normal

structure and becomes densely stained with the red of the triple stain.

This dense staining is figured by Miehe and Schurhoff, and appears

in figures by Blackman. The portion of the nucleus which has

passed the wall now begins to enlarge {figs, i^, 16). In the latter

figure there is evidence that the nucleus migrates from one cell of a

hypha to the next, while in the other cases the nuclei appear to be

migrating from one hypha to another.

Sections which show all the nuclei of the cells concerned in the

migration are hard to obtain. By studying the series of sections to

which fig. 14 belongs, it was found that cell a contained two nuclei,

^ while cell b contained but one. From this it seems plain that in

this case there is a migration between normal vegetative cells of the

sporophyte where no fertilization can be assumed. This would

result in the production of a cell with three nuclei. Indeed this con-

dition is quite common {fig. if).

The only interpretation possible here seems to be the one given by

Miehe, that this condition is entirely pathological and possibly due

to the wound produced at the time of fixation. The fact that three-

and four-nucleated spores are often found has been pointed out by

Sappin-Trouffy and Blackman. If such spores result from patho-

logical nuclear migration, this would indicate that the pathological

condition which produced the migration must have occurred a con-

siderable time before fixation, which is hardly an adequate hypothesis.

The wounding in preparation for the killing solution perhaps explains

wtU enough figures in which the nuclei are in process of migration^

The fact that the migrations w^ere observed in many cases in a sort of

rudimentary paraphysis bounding the pustules is perhaps significant.

It undoubtedly helps to explain certain conditions in the cuplike

aecidia where isolated binucleated cells are often found in the older

pustules quite out of range of the bases of the rows of spores where

the fertilization processes occur.

H
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MORPHOLOGICAL DISCUSSION

It cannot be decided, perhaps, on the data at present available

whether the fusion at the end of the uninucleated generation is of

a primary or secondary nature and origin. There can be no question,

however, that it is physiologically the fertilization stage in the develop-

ment of the rust, and that it is the beginning of a sporophyte generation

which ends with the reduction divisions in the germinating teleuto-

spore, as described by Maire (i6, 17) and later by Blackman (2).

Harper (13) has also argued, on the data given by Blackman and

myself, that an essentially similar alternation of generations is found

in the rusts to that in the ascomycetes and red algae. The existence

of well-defined gametophyte and sporophyte stages in these forms

can no longer be questioned.

If we take up the cases of the aecidio-, uredo-, and teleuto-

spores in the light of the facts above described, it is plain that we have

in the successive production of these forms a series of asexual repro-

ductive cycles within the sporophyte generation. In thus showing a

scries of subgenerations, each ending wath a particular spore form,

which taken together compose the sporophyte, the rusts are unlike

any other group of plants in which true alternation of generations is

known.

The essential characteristics of these subgenerations is that in each

case they begin and close with the peculiar structure first described

basidium

mobetter called the basal cell. This is the

correct interpretation gives the key to the explanation of the puzzling

and hitherto unexplained reduplication of forms which is at once

the most conspicuous and least understood feature of the entire group-

\Yith the establishment of the identity of the basal cells of the

basidium

aecidium

sporophyt

mor

aecidio-, uredo-, and teleutospores and stalk and intercalary

becomes

point of view, we find the game

mm
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with the sporidia and ending with the fusion of two gametes, and

bearing asexually one kind of spores, the so-called spermatia. The
question as to how the so-called secondary aecidia arise must be

regarded as still unsettled. Dietel (ii) has shown that infections

from aecidia in the case of Uromyces scrophulariae DC. may repro-

duce crops of aecidiospores. In this case one or more of three things

may have taken place: the infecting aecidiospore may have germi-

nated by the formation of a sort of promycclium and sporidium, thus

returning to the uninucleated condition, as is the case in Endophyllum;

or these secondary aecidia may be borne upon a mycelium of binu-

cleated cells, in which case they are not aecidia at all, but rather

uredospores borne in rows such as occur in Coleosporium; or sper-

matia capable of producing infection may accompany some of these

forms having the secondary aecidia.

Against this last view we have the present belief that the spermatia

are functionless, a belief which in view of the great number of forms

(

to be studied is certainly open to some question, especially since

Brefeld (4) and Plowright (20) claim to have seen distinct evi-

dences of normal germination in the spermatia of Piiccinia graminis,

Uromyces pisi, Puccinia tragopogonis, Puccinia coronata, and others.

This is a behavior quite unlike what might be expected of true sper-

matia. In my opinion, the likeness of the rusts to the red algae is very

questionable, and the arguments that the spermatia are the former

I incline rather to the view that

spermatia represent the once functional asexual spores of the game-

tophytc. This view finds support in the fact that they are in general

appearance very like the functional asexual spores (pycnidia) of the

gametophyte of certain ascomycetes; also in structure and general

appearance they are verj^ like the other gametophytic spores of the

' rusts, the sporidia, which are still functional; further, unless we

interpret the spermatia as the asexually produced gametophytic

spores, the gametophyte generation is left entirely without means of

reproducing itself without passing through the stages of the sporo-

phytic generation. As yet, however, it must be admitted that definite

evidence as to the nature of the spermatia is ver\' incomplete.

The binucleated sporophytic generation which, as Maire (17)

has pointed out, is comparable to the generation with the double

male
ri

1
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number of chromosomes in the higher plants^ has its beginning in the

cell produced by the fusion of two gametes—the fusion cell. This

cell produces a more or less elongated outgrowth which has been long

known as the ^^basidium," and has been often figured and fully

described. For obvious reasons, that BLACKMANhas pointed out, the

term basal cell is to be preferred to the old term basidium. This cell

now produces spores, being a generative cell. The spores may be

borne in chains, as has been so often described for the true aecidia, or

they may be produced by a process of budding and so be borne on

stalks, as I found to be the case in the primary uredosori (figs. i8y ig).

The spores produced by this first basal cell may infect the same

host upon which the gametophyte is parasitic, or they may infect

some other host and produce there a sporophyte mycelium. After a

period of development this mycelium fruits. When spores are to be

produced, large binucleated cells—the basal cells—in all essentials

like the cells upon w^hich the aecidiospores and primary uredospores

are borne, again appear, this time upon the ends of the binucleated

hyphae w^hich mass together beneath the epidermis to form the uredo-

sorus. By a process of cell division above described the uredospores

are formed. These uredospores may be borne in rows and sepa-

rated by intercalar}' cells, as in the case of Coleosporium, or they may

be borne upon stalks, as described above for Phragmidium poten-

tillae canadensis. The uredospores may reinfect the same host or hosts

and repeat this generation an almost indefinite number of times, as

is commonly supposed to be the case in Puccinia riihigo-vera.

Usually, after a few generations of uredospores have been pro-

duced, the binucleated mycelium bears the teleutospores which are to

end the sporophytic phase in the life-cycle. When teleutospores are

about to form, end cells of the hyphae again return to the condition of

the large basal cell, and the teleutospores are budded off exactly as are

the primary and secondary uredospores. At present we know of

only one form in which the teleutospores are borne in chains and

separated by intercalary cells. Aaother approach to this condition

is perhaps found in the sessile teleutospore of IMelampsora and

Coleosporium. The teleutospores of the different genera are only
i

secondarily characterized by being made up of one to several cells.

The bearing of these facts upon the problems of classification
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presented by the rusts is of primary importance. Assuming the exist-
^

ence of alternation of generations, there can be no doubt that the
4-

gametophyte is to be regarded as the primitive, original generation.

The autoecious rusts are probably to be regarded also as more primi-

tive than those which are heteroecious. It is most suggestive of the

truth of this view that the rusts show alternation of generations at the

time the change from one host to another occurs. Older schemes

of classification of course have left all such considerations out of

account.

ScHROETER has classified the rusts on the ground of the various

types of spores occurring in the life-histories of the different forms.

To him we are indebted for the convenient separation into eu-y

-apsis, brachy-j hemi-, micro-, and lepto- types. Obvious difficul-

' ties arise with this classification as used up to the present time.

Assuming all primary uredospores to be in reality aecidiospores^ as

is the case in Phragmidium potentillae canadensis, would at once

throw all of the brachy- and hemi- forms into the Eiipuccinia class.
¥

If we retain the term Brachypuccinia on the ground of the primary

uredospores having stalks^ to be consistent it would be necessary to

class Coleosporium with the -opsis forms, since its uredospores are

borne in rows as are aecidiospores.

DeBary (10) made his first division in the group by separating

the aecidium-forming rusts from the so-called tremelloid forms. He
regards the former as being homologous in essential details with the

ascomycetesj and points out that the tremelloid forms may be regarded

as either more primitive and in process of being developed, or reduced

forms produced by the modification of the aecidium-bearing forms.

It is plain, however, that with our present knowledge no such division

is to be considered. As I have pointed out, the primary uredo is

morphologically an aecidium. Further, Dr, Olive permits me to

quote results, not yet published, which show that the tcleutospores of

Puccinia transjormans, a micro- form, are borne upon basal cells

which are the outgrowth of a fusion cell produced upon a mycelium

having uninucleated cells. There are then telcutospores which in

their origin are the same as the aecidiospores and primar}' uredo-

spores, and this argues very strongly that the stage with uninucleated

cells is to be regarded as always present.
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some

Arthur's (i) new classification is based upon the assumption

that all of the spore forms

—

spermatia^ aecidio-j uredo-, and teleuto-

spores^ and sporidia— were present in the ancestors of our rusts, and

he leaves untouched the question of the origin of this multiplicity of

spore forms. Reasoning from this assumption, the forms with ab-

breviated life-cycles arise by a process of elimination. In this way

any portions of the sporophyte and perhaps the whole gametophyte

might be successively suppressed.

Endophyllum has perhaps arisen in this way. In it a uninucleated

mycelium produces binucleated aecidiospores which apparently have

no uredo host. The spores germinate by a sort of promycelium

which bears four uninucleated sporidia. These sporidia again infect

the aecidial host, producing again a mycelium of uninucleated cells.

If we assume on the other hand that the rusts evolved from lower

fungi, and that the various subgenerations of the sporophyte are

w^ay old

forms eliminated, quite a different classification is suggested. The

gametophyte is universally regarded as the primitive generation, and

in its earliest appearance was relatively simple. In the pteridophytes

the sporophyte increases in importance until the gametophyte is

finally the more inconspicuous.

I incline to the view that the lepio- and micro- forms, in which the

teleutospores or spermatia and teleutospores only occur and are borne

on mycelia with uninucleate cells, are the primitive rusts. We have

in them the gametophyte bearing the gametes and producing the

fusion cell. A very short outgrowth of this cell now bears the teleuto-

spores in which the sporophyte generation has its end. The first

modification of this life-history would then appear in a further develop-

ment of the sporophyte. This might be brought about by the fusion

cell producing a mycelium directly rather than the basal cell normally

produced, or it is possible that the basal cell should produce temporary

spores, which might carry this sporophytic mycelium to other tissue, a

result which would be altogether favorable on account of the exhausted

condition of the host in the neighborhood of the fusion cell. Spores

formed in this way would conform to our definition of primary urcdo-

sporcs, which it would thus appear are to be considered as the first

added spore generation, and the hrachy- form would thus be the first
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derived type. With such a first crop of temporary spores once

formed, it is easy to see how they might be formed in successive

crops—the secondary uredospores—before the teleutospores are

finally formed and the sporophytic generation closed.

A modification of the stalk cell with loss of essential function would

result in the formation of the true aecidium. The short intercalary

cells of the aecidium give us a decided argument for the belief that the

aecidiospores are not the primitive spore type, since I am of the

opinion that we can only regard the intercalary cell as practically

a functionless cell. The argument that the intercalary cell is for

the purpose of disjoining the spores is hardly tenable, since we have

many fungi in w^hich, as in Cystopus, chains of conidia are formed, the

spores of which separate readily without alternating sterile cells.

Looked upon as a rudimentary stalk, we can hardly assume that it is

in process of progressive evolution, since from that point of view w^e

would have the curious case of a functionless structure being first

developed, to be modified later into a structure of some service to the

plant. It is relatively common, on the other hand, to find that func-

tional structures degenerate on becoming useless, becoming smaller

and finally disappearing. The degeneration of the uredo stalk cell is

doubtless correlated with the development of the spore pustule, result-

ing in the formation of the spores in chains instead of in a horizontal

series. The spore-initial cells, which have in other cases divided to

produce spores and stalk cells, still divide, forming the spore and the

small intercalary cell, the degenerated representative of the former

stalk cell. With the change from the stalked primary uredospores to

the chains of aecidiospores, we have formed the typical autoccious

eu- type of rust. If now^ the sporidia find a more favorable host in

some other plant than that bearing the uredospores and teleuto

spores, a later change of host for the sporophyte generation would

explain heteroecism. It is certainly conceivable that the change of

host should occur at the germination of the first-formed binucleated

spore. Certainly the sporidia and the gamctophytic mycclia produced

by them are sufficiently different from the sporophytic aecidiospores

and uredospores and the mycelia which they produce to explain such

a change in some measure.

From either point of view it w^ould appear that a heteroecious
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eU' form is the highest in complexity and a late stage in the develop-

ment of the rusts. The peridium is undoubtedly a late modification

for protection, and cuplike aecidia are very likely less primitive than

the cacomas. This would argue that a rust of the Puccinia graminis

type is in structure very far removed from the primitive rust, a view

which is quite opposed to the stand taken by Blackman.

I entirely agree with Dietel (12) that the presence or absence

of the secondary uredospores in the life-cycle is of secondary impor-

tance w^hcn considering the history of the rusts. The essential stages

are those of cell fusion and chromatin fusion and reduction. The

uredospores simply prolong the sporophytic phase as the conditions

demand, and it is likely that the -opsis forms may result from the
+

elimination of the uredo stage in some rusts; while in others they

represent an earlier less complete stage in evolution than the eu- forms.

The curious condition found in Endophyllum may well have

arisen by the elimination, for some cause, of the teleuto and uredo

stages. The cuplike structure and short intercalary cells all point to

its once having been a very highly specialized form from the stand-

point of evolution. It is quite conceivable that as a result of some

change in condition the aecidiospores should have developed the

capacity to reinfect the aecidium host.

The facts of alternation of generations in the rusts are in harmony

with Dietel's view that the micro- and lepto- forms are the most

primitive types of rusts. Besides the arguments advanced above,

we have in the diverse structures of the teleutospores of the different

genera a further support for this view. Assuming the teleutospores to

be the oldest spore form, it is easy to see how they might have become

more markedly modified than the newer uredo- and aecidiospores.

The loss of function of the spermatia as gametophytic conidia, too,

is exactly what might be expected with the development of the sporo-

phytic spores.

The writer wishes to acknowledge his indebtedness to Professor

R. A. Harper for his many helpful suggestions and other assistance,

and also to Dr. E. W. Olive for permitting him to use the data con-

cerning Puccinia transformans in advance of its publication by him.

Madison, Wisconsin
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EXPLANATION OF PLATE VII

Figs, i-ij were drawn with the camera lucida, using ocular IV and the

-^l oil immersion objective of Leitz. Figs. 18-22 are semi-diagrammatic and

the magnification has been adjusted to bring the figures of the different rusts

to approximately the same dimensions on the plate.

Phragmidium potentillae canadensis

Fig. I.—A portion of the mycelium showing the binucleated condition of

the cells of the secondary uredo.

Fig. 2.—The first spore-initial cell dividing into spore and stalk cell.

Fig. 3.—An early stage in the budding-off of the second spore.

Fig. 4.—A fully formed second spore-initia

Fig. 5. spore and stalk have been

pleted; the stalk of the first spore is also sho"v\Ti.

Fig. 6.—a portion

h
Puccinia podophylli

Fig. 7.—A stage st

Fig. 8.—The spore

teleutospo

Fig. 9.—Sin

cell with nuclei.

teleutospore (see jig

spore

Fig. 10.—A* second spore-initial cell showing nuclear division before division

into stalk and spore.

Fig. t2.—A sta^^e showing the division of the distal cell into the two cells

the spore.
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Figs. 13-16.—^Various stages of nuclear migration in the m}'celium of the

teleutosorus.

Fig. 17.—^A mycelial cell showing three nuclei.

Semi-diagrammatic figures

Fig. 18.

—

Phragmidium speciosum. Mycelial cells of the aecidium showing

uninucleated cells bearing a fusion cell and the rows of spores and intercalary cells.

I
Fig. 19.

—

Phragmidium poientillae canadensis, showing uninucleated mycelial

cells in the primary uredo similar to those in the aecidium; a fusion cell is formed

in much the same way as in the aecidium; the elongated basal cell represents an

outgrowth after fusion; here the spores are budded off as a horizontal series

and are borne on stalks.

Fig. 20.

—

Coleosporium solidaginis. Uredospores borne in chains on a

mycelium of binucleated cells.

Fig. 21.

—

Phragmidium potentillae canadensis. Secondary uredospores

budded from the basal cell; the mycelium is composed of binucleated cells.

Fig. 22.

—

-Puccinia podophylli. Teleutospores in various stages of forma-

tion; the cells of the mycelium each contain two nucleic

\

\

\
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DEVELOPMENT OF THE WALLS IN THE PROEMBRYO
OF PIAWS LARICIO

CONTRIBUTIONS FROM THE HULL BOL\XICAL LABORATORY
XCVI

N. Johanna Kildahl

(with PLATES VIII AND IX)

HISTORICAL SKETCH

In 1862 HoFMEiSTER (i) gave the principal facts in the develop-

ment of the proembryo of Plmis Strobus and Pinus Abies, although

he did not touch upon the development of the walls.

Strasburger (2) worked out the development of the proembryo

in more detail in 1876, and he was the first to recognize the arrange-

ment in tiers. He says that after the four free nuclei have reached the

basal end of the egg, and arranged themselves into a plane, the nuclei

opposite each other exert an influence upon the surrounding proto-

plasm, giving it a parallel-striped appearance, and that this influence

is also exerted upon the protoplasm of the egg mass above the nuclei;

a row of granules then appears upon the parallel stripes ; at the meta-

phase of the first division, after the nuclei have reached the base of

the spore, the stripes and row of granules toward the egg-mass dis-

appear, while those between the nuclei persist, form membranes, and

become the permanent vertical walls.

In 1898 Blackman (3), in describing the proembr}^o of Pinus

silvestris, said that after the four nuclei have passed to the bottom of
r

the egg they become surrounded by protoplasmic fibers which radiate

from the nuclei into the cytoplasm; they have no definite arrange-

ment, but are mostly directed away from the base of the egg. At a

later stage, when the four nuclei have arranged themselves in one

plane, the fibers also are confined to the basal end of the egg and form

a mass in which the nuclei lie, the mass projecting a little above the

nuclei ; after this the two walls are formed at right angles to each other

and to the base of the egg, so that each nucleus lies in one end of a

shaft which is open toward the main mass of the egg; after the walls

have been formed the fibers disappear. He says that he could not

Botanical Gazette, vol. 44] [102
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determine exactly what part the fibers play in the formation of these

walls, but of their connection with them there can be no doubt.

The next work on Pinus was that of Chamberlain (4), who
describes the four nuclei in moving toward the base of the egg as

being invested by strong fibers which are directed tangcntially.

"Upon reaching the base of the oospore the four nuclei arrange

themselves in a plane and become ensheathed by fibers derived from

the nuclear membrane. Two walls are then formed at right angles

I to each other and to the base of the spore, each nucleus thus being

separated from the others, but freely exposed to the general cyto-

plasm of the spore." He quotes Blackman (3) as thinking that

these fibers have some intimate connection with the formation of the

walls, and thinks that the appearance of these first incomplete walls

is quite apart from nuclear division.

In 1904 Miss Ferguson (5) stated that *'after attaining full

size, the four nuclei pass to the base of the oosphere." ^' During their

descent many fibers arise in the cytoplasm surrounding the nuclei,"

and she quotes Blackman as suggesting a relation between these

fibers and the walls that arise later, but says that she finds no con-

nection between the two. In regard to the formation of the first walls

she says: ''During mitosis the deeply staining substance surround-

ing these nuclei condenses into large, irregular masses at the periphery

of the nucleus. When the eight nuclei are formed this deeply staining

material collects about them and extends in irregular strands into the

cytoplasm. Each nucleus is now surrounded by its own cytoplasm,

though no cell-walls have yet been laid down/^ Further, she says:

''In the five species of pines which I have studied, cell-wails do not

arise until after eight nuclei have been formed. The deeply staining

^ cytoplasmic substance appears to be repelled from all sides of these

]
nuclei and is deposited in lines which indicate the position of the future

cell-walls; the cell-membranes appear to arise by a direct trans-

formation of this substance."
i

\

^
I

\'

r

'i

DEVELOPMENT OP WALLS

The material for the following study of the development of walls

in the proembrj-o of Pinus Larlcio was collected during the summers

of 1905 and 1906. It was taken from different trees and localities.

V
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Preparations were also loaned to the writer by !Miss Lulu Pace,

and preparations and material by Professor W. E. Praeger.

After the four nuclei have passed to the basal end of the egg, each

nucleus is surrounded by a thick sheath of fibers, forming a sphere

with the nucleus in the center; these fibers, according to Chamber-

lain, are derived from the nuclear membranes. The fibers next to the

nuclei disappear first; where the sheaths come in contact, betw^een

the nuclei, they form a pseudo-wall, giving the appearance, under

low power, of a vertical wall (fig. i). It was this, no doubt, which

was seen by the previous observ^ers, Strasburger, Blackman, and

Chamberlain, and described by them as a vertical wall.

The cytoplasm surrounding the nuclei at this time is of a uniform

granular consistency, with small vacuoles. When the first division

of the four nuclei has reached the metaphase, every vestige of these

fibers has disappeared (fig. 2). The spindles are blunt and broad,

showing a tendency towards multipolarity, though considerable

variation exists in the form of the spindles during this division. A
marked change has taken place in the surrounding protoplasm, w^hich

has become charged with very coarse, deeply staining granules. In

the early telophase these coarse granules still persist, but there is a

larger clear space, filled with fibers, around each spindle (fig. j).

In late telophase {fig. 4) the cell plate, from which the cross w^all

is formed, has been developed. The nuclear membrane has appeared,

and above each daughter nucleus is a deeply staining granular area.

Fibers radiate from the daughter nuclei in all directions and the

coarse granules seem to be strung along the fibers and pushed aw^ay

by them. The spindle fibers gradually disappear until they are

visible only on each side of the cell plate, as is shown in fig. 5. The
granular area surrounding each nucleus in fig. 4 is now replaced by

an area much more finely granular.

The formation of the vertical walls is begun at this stage. They

begin at the cross walls and extend in both directions until they reach

the base of the egg on one side, and extend somewhat beyond the

nuclei on the other {fig. 8). These walls are undoubtedly formed

upon secondary fibers, which can be seen coming together in fig. 4, and

more distinctly in fig. 5, although no granules have yet been formed

to show the position of the cell plate; these are shown distinctly in
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fig, p. Figs. 6 and p show the fibers radiating from the nuclei to

the walls. The vertical walls in each tier are formed by the fibers from

the nuclei of their respective tiers, as is shown in fig, 8, As a rule the

cross wall is formed somewhat in advance of the vertical wall {figs.
m

4-9). Fig. 8 shows the cross walls completed, except at the edges,

while the vertical walls are still in an early stage of development;

this is also shown in fig, p. The cross walls are formed in the usual

way, each on its own spindle, as is shown in fig, 6. These walls,

therefore, are formed in connection with the first division of the four

nuclei. It might be said that the proembryo passes from the four-

nucleate stage to the eight-celled stage were it not for the fact that the

four nuclei farthest from the base of the egg are still freely exposed to

the egg mass.

The very coarse granules gradually disappear, as shown in figs.

4-9^ while the deeply staining areas first seen in fig. 4 increase in

size until in figs. 8 and p they entirely surround the nuclei and extend

irregularly into the surrounding cytoplasm.

A The second division in the base of the egg, as a rule, takes place

in the exposed tier {fig. 10)^ although it may take place in the basal

tier, as shown in fig, 11. The cross and vertical walls are formed

as in the previous division.

The next and last division occurs in the basal tier {fig. 12), and,

so far as has been reported, it never takes place in either of the other

two tiers. This sequence of divisions is also reported by Hofmeister

(l) in Pinus Strohus and by Miyake (6) in Picea excelsa. Tlic last

division in the proembryo of Pinus Laricio is not always simultaneous

in the four nuclei, as has heretofore been reported; one section

showed two nuclei in metaphase and the other two in late telophase.

The proembr}'o has now completed its development and consists

of three completely walled tiers of four cells each, and the tier of four

nuclei separated from each other by vertical walls but free toward

}

I

t

A._
*K-

the egg mass.

SUMMARY

I, The cross walls in the proembryo of Pinus Laricio are formed

in the usual way, on cell plates formed on the spindles in the division

of the nuclei, and the first cross walls come in a little in advance of

the vertical walls.
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2. The vertical walls in each tier are formed by the secondary

fibers from the nuclei of their respective tiers.

3. The first cross walls and the first vertical walls are formed

in connection with the division of the first four free nuclei at the base

of the egg.

4. The second division in the basal end of the egg may take place in

either tier.

5. In the last division the four nuclei do not always divide simul-

taneously.

The University of Chicago
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EXPLANATION OF PLATES VIII AND IX
PLATE VI

U

Fig. I. Section showing fibers between nuclei that give appearance of verti-

cal wall. X225.

disappe

blunt broad spindles, and coarse granular substance. x6io.

Fig. 3. Telophase of same division; fibers radiating in all directions; cell

plate not yet visible. X35S.
Fig. 4. Appearance of cell plate; nuclear membranes; dark areas above

daughter nuclei; fillers radiating from nuclei and coarse granules strung along

fibers; secondary fibers coming together in the center, upon which is formed the

vertical wall. X390.

Fig. 5. Later stage in cross walls and beginning of vertical walls. X365.

Fig. 6. Later stage in formation of vertical walls; fibers radiating from

nuclei. X390.
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PLATE IX

Fig. 7. Section showing the two walls more nearly in the same stage, but

the cross wail a little in advance of the vertical. X425.

Fig. 8.- Section showing the vertical walls of each tier formed by the fibers

from the nuclei of their respective tiers; the cross wall nearly complete. X350.

Fig. 9. Same as fig. 8; the broad effect of the vertical wall caused by the section

being cut a little to one side of the crossing of the two vertical walls. X 350.

Fig. 10. Second division. X425.

Fig. II. Second division, X3S5.
Fig. 12. Third division. X393.
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UNDESCRIBED PLANTS FROM GUATEMALA AND
OTHER CENTRAL AMERICAN REPUBLICS

JoHX Don NELL Smith

Nissolia costaricensis Doiin. Sm,-—Foliola 5 glabra magna oblongo-

vel ovato-elliptica obtuse curvilineo-acuminata basi acuta vel rotun-

data. Flores in pedunculo axillari brevissimo fasciculati vel rhachi

evoluta racemosi. Calyx brevissime setaceo-denticulatus. Alae cum

carina acute acuminatae. Legumen valde curv^atum inter semina

vix constrictum, ala maxima obtusa.

Suffruticosa, ramulis petiolisque minute setaceo-muriculatis ceterum glabris.

Petiolus communis 7-11*="^ longus, foliolis .5-8^^ longis 25-35"^"^ latis mucronu-

latis. Pedunculi nodiformes vel 4^"^ longi et racemi pubescentes, his usque ad
^-gcm longiSj floribus 9^^ longis. Calyx pubescens turbinato-campanulatus

parum obliquus 3™°^ longus inter setas vix 0.5™™ longas tnincatus. Vexillum

extus pubescens 7^^ longum petalis reliquis pauIo brevius. Ovarium pubescens

plerumque 3-ovuIatum, stylo angulo fere recto divergente. Leguminis stipes

calyce altero tanto longior, corpus seminifenim canescens 11-22"^^ longum 4

crassum, articulis 1-3 oblongis transverse subteretibus, mesocarplo intricato-

fibroso, endocarpio araneoso, ala 24-28"^°^ longa 9-11^"^ lata cum articulis

mm

arcuata.

Alajuela, Costa Rica, alt. 200"°, J
P. Biolley (n, 7088).—In fundo La Verbena dicto prope Alajuelita, Prov. 5

Jos^, Costa Rica, alt. 1140^, Dec. 1894, H. Pittier (n, 9664).

Machaerium (§ REXicm-AXA Benth.) cobanense Dorm. Sm,

Stipulis bracteisque aculeatum. Foliola 1 3-1 9 elliptico-oblonga

utrinque rotundata vel nunc apice nunc basi acutiuscula supra pube

conspersa subtus sordide tomentulosa. Panicula longissima, floribus

pedicellatis. Calyx braceolis vix bis longior breviter obtuseque tri-

dentatus. Stamina aequaliter diadelpha.

In fruticetis reclinans, caulibus usque ad 10^ longis (cl. repertor in Uteris)

-

Petiolus communis 9-15^^ longus, foliolis penninerviis reticulato-venosis mucron-

ulatis, superioribus 4-5 '^ longis 15-20™^ latis quam infima ovalia 3-plo

longioribus, terminal! maximo obovato-elliptico. Panicula sordide pilosa

usque ad 3^"^ longa, ramis saepe 2-3-nis erecto-patentibus, bracteis sicut

I Continued from Box. Gazette 42:300, 1906.
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stipulae induratis elongato-triangulanbus 3-4™"^ longis recurvis subpersis-

tentibus, pedicellis 2-4"^^ longis, bracteolis reniformi-cordatis 3.5"^"^ altis

^mm
^^jg^ floribus 12"^"^ longis violaceis. Calycis pilosi tubus 5"^™ longus,

dentes inferiores oblongi 1.5-2^^ longi, superiores latissimi vix ulli. Vexillum

extus cano-sericeum suborbiculatum emarginato-bilobum alis paulo carina multo

longius. Stamina 6"^"^ longa ob vaginam utrinque fissam in phalanges 2 pen-

tandras coalita. Ovarium villosum rectum longe stipitatum uniovulatum, disco

cupulifonni, stylo incun^o. Legumen non suppetit.

Prope Coban, Guatemala, alt. 1350"*, Aug. 1906, von Tuerckheim (n. II. 1401).

Machaerium (§ Acutifolia Benth.) campylocarpum Donn, Sm.

—Inerme. f'oliola 7-9 dissita lanceolata vel ovato-lanceolata acuta

vel acuminata supra glabra subtus praeter costam glabrcsccntia.

Racemi axillares breves arete floriferl, floribus subsessilibus. Petala

extus viilosa. Stamina monadelpha. Legumen insigniter incur-

vum.

6-9

•penninerviis

tarn densius appresso -pilosis, lateralibus superioribus e basi obtusa lanceolatis

longis longis,

terminali basi acuto 65"^"^ longo. Racemi ferrugineo-pubescentes circlter 25"^™

longi, bracteis bracteolisque semiorbicularibus 1.5^"^ longis, floribus 8™"^ longis.

Calyx appresse ferrugineo-pilosus 3"^™ longus vix denticulatus. Omnia petala

dense longeque ferrugineo -viilosa. Vexillum orbiculare 7"^°^ longura. Carinae

petala angusta cum staminibus 6^^ longa. Ovarium pubescens uniov'iilatura.

guminis

superior

.mm

mm

lata obtusa margine superiore arcuata inferiore recta.

In fundo Jimenez dicto ad Penas Blancas, Rio Dlquis, Comarca de Pun-

tarenas, Costa Rica, alt. 600"^, Febr. 1898, H. Pittier (n. T2163).

Drepanocarpus (§ Lixeati Benth.) salvadorensis Donn. Sm.

Cano-pubescens vel-furfuraceus stipulis uncinatis aculeatus. Foliola

9-1 1 oblongo-obovata vel elliptica apice retusa basi acuta vel obtusa.

Paniculae axillares binae et terminales, floribus pedicellatis- Petala

subaequalia. Stamina aequaliter diadelpha cum carina valdt mcurva

ulatum

Stipulae indurato-spinescentes dilatatae 3-5"""^ longae. Petioli communes

4-5^^ longi, foliolis plerumque 9 primum dense denique leviter pubescentibus

coriaceis plerumque oblongo -obovatis 20-32"^*^ longis 11-15""°^ latis insigniter

retusis lineato-nerv'osis, nervis interdum anastomosantibus, margine ner%'iformi.

Paniculae canescentes 6-11^"^ longae, ramis singulis vel 2-3-nis, inferioribus
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15-20™™ longis, pedicellis 2-3™^ longis, bracteoHs suborbicularibus 2.5™™-

diametralibus persistentibus, floribus 12-14™™ longis. Calyx pubescens 7
mm

longus, dentibus rotundttis i™™ longis, 2 superioribus latioribus. Vexillum

extus pubescens suborbiculare lo-ii™™ longum g™™ latum vix emarginatum

alis aequilongum. Stamina carinam 9™™ longam quasi cucullatam aequantia,

vagina ante anthesin utrinque usque ad basin fissa. Ovarium pubescens jam

drepaniforme. Legumen ignotum.

Soyapango, Depart. San Salvador, Republ. del Salvador, alt. 750™, Dec. 1906,

Luis F. Velasco^ n. 9008 ex PL Guat. &c. quas ed. Donn. Sm.

Lonchocarpus minimiflorus Donn. Sm.—Foliola 7-1 1 lanceolato-

minute

genere minimis. Vex-

atum. Alae et carina

que pubescentia- Racemi singuli densiflori,
{

I

cello communi brevi insidentibus, floribus in

ilium extus sericeum intus basi biappcndicu

glabrae.

Arbor 8-io-metralis, ramulis lenticellatis. Petiolus communis 4-9^^ longus

tetragonus pubescens. Petiolulus terminalis ceteris 3-plo longior medio articu-

latus. Foliola lateralia superiora 3-4^™ longa infimis ovalibus bis fere longiora,

foliolum terminale obovato-lanceolatum 5-6="^ longum. Racemi tetragon! pubes -

centes pedunculo circiter i*=™ longo nonnunquam bifido adjecto 6-8^^ longi,

pedicello communi 1,5"^"^ lohgo pedicellis propriis paulo longiore, tracteolis

calyci approximatis ovalibus i"^"^ longis persistentibus, floribus 5"^™ longis.

Calyx appresse aureo -pubescens vix dentatus 2^"^ altus. Vexillum orbiculare

^mm longum atque latum apice emarginatum dorso

inter se aequilongae. Staminum tubus 3 .
5^^ longus

Alae

soluto. Ovarium cano-sericeum 5-6-0vulatum. Legumen non visum.

—

L.

arvifl^

Tan. 1894, Heyde

Lux, n. 6330 ex PI. Guat. &c. quas ed. Donn. Sm.

Derris (§ Euderris Benth.) costaricensis Donn. Sm.—Foliola

5-7 inter maxima obovato- vel oblongo-elliptica vel ovalia apice

retusiusculo rotundata basi acuta vel obtusa punctata utrinque prae-

sertim subtus molliter pubescentia transversim venosa. Pedicelli

bini. Vexillum appendiculatum. Stamina monadelpba. Legumen

cartiladneum velutinum lanceolato-elliDticum monosDcrmum-
,'v

Ex ramulis ad apicem versus 6-8"^"^ crassis verisimiliter arborescens, parti-

bus novellis luteo-fusco-velutinis. Petiolus communis 9-16'=^ longus velutinus,

petiolulo terminali 22"^^ longo lateralibus 3-plo longiore. Foliola coriacea dis-

coloria supra glabrescentia subtus aetate provectiore saltern in sicco minute

foveolata, superiora 11-16*="^ longa 6-8^"" lata, infima ovalia 6^^ longa 45
-mm
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lata, nervis luteo-fuscis, lateralibus utrinque 10-12 subrectls marginem attin-

gentibus interdum anastomosantibus, venis transversis crcbris subparallclis.

^ Racemi axillares velutini 9-11^"^ longi, pedicellis 8"^"^ longis, floribus 15mm

longis. Calyx velutinus 5.5"^^"^ longus breviter setaceo-tridenticulatus. Vexil-

lum orbiculare extus cano-sericeum basi sicut in Sectione Paradcrris bicallosum.

Alae glabrae. Carina extus sericea. Stamen vexillare ima basi tantum liberum,

L vagina n^^"^ longa etiam post anthesin clausa. Ovarium pilosum uniovulatum

stylo glabro 6"""^ longo. Legumen luteo-fusco-vclutinum 10-12^"^ longum 4^"^

latum vertice obtusum basi acutum, sutura superiore ala 1.51^1^ lata marginata,

semine coccineo reniformi 9"^"^ longo 18"^"^ lato.—Nomen vemaculare nempe

Siete Cueros corticem exfoliantem vult indicare.—Genus adhuc tantum ex America

Australi et Orbe Vetera cognitum.

Ad litora sinus Salinas dicti, Comarca de Puntarenas, Costa Rica, Jul. 1890,

Tonduz (n. 2880).—In coUibus silvestribus, Peninsula Nicoya, Costa Rica, Maj,

1900, Tonduz (n. 13993).

Derris (§ Euderris Benth.) peninsularis Donn. Sm.—Glabra.

Foliola 5-7 lanccolato-elliptica vel elliptica graciliter acuteque acu-

minata basi acuta punctulata subtus puberula crcbre pennincrvia.

Pedicelli bini pedicello communi insidcntes. Vexillum appendicu-

latum. Stamina monadelpha. Ovarium 4-5-ovuIatum. Lcgumcn

cartilagineum obliquum utrinque acuminatum, monospermum ovale,

dispermum oblongum.

Ramuli verrucosi. Petiolus communis 8-11^"^ longus, petiolulo terminali

24mm longo ceteris 4-plo longiore. Foliola chartacea concoloria 6-10^"^ longa

^-^cm
|^|.^^ nen-is lateralibus utrinque 10-12 usque ad marginem simplicibus.

Racemi axillares glabri 6-10^"^ longi floribundi, pedicellis propriis medio bibrac-

teolatis 2"^^ longis pedicellum communem subaequantibus, floribus n^^ longis.

Calyx glabrescens 4"""^ altus obsolete denticulatus. Vexillum lineis pubescen-

tibus extus striatum basi bicallosum. Petala reliqua hinc illinc pubescentia.

Stamina 8"^"^ longa, vexillari ima basi libero, vagina etiam post anthesin clausa.

Ovarium pilosum. Legumen glabrum inaequilaterale 35"^"^ latum, monosper-

mum 55-65^^ longum, dispermum 85™"^ longum, sutura superiore ala 2"^"^ lata

marginata, semine fusco reniformi ii^^^n longo 21 '""^ lato.—Ab incolb Chaperno

nuncupatur.

In silvis et ad vias, Peninsula Xicoya, Costa Rica, Maj. 1900, Tonduz (nn.

13961, 13966).

Derris (§ Euderris Benth.) nicoyensis Donn. Sm.—Glabra.

Foliola 5 rhomboideo-clliptica obtuse contracto-acuminata basi acuta

impunctata subtus appresse cano-puberula pennincrvia. Pedicelli

sparsi. Legumen cartilagineum ovale utrinque acuminatum mono-

spermum.

ii
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Arbor, coma sphaeroidi {Tonduz in schedula). Petiolus communis glaber

7-12^^ longus, petiolulo terminal! 24^°^ longo lateralibus 4-plo longiore. Foliola

coriacea supra glabra 55-90"^°^ longa 30-50^^ lata subcaudato-acuminata, ner-

vis lateralibus utrinque lo-ii prope marginem arcuatis, venis grosse reticulatis.

Racemi axillares, fructiferi solum cogniti 4-7^^ longi. Legumen glabrum aequi-

laterale circiter 65°^"^ longum ^^^^ latum, sutura superiore ala 2^"^ lata mar-

ginata, semine fusco reniformi n^"^ longo 18 ^°^ lato.

In coUibus silvestribus, Peninsula Nicoya, Costa Rica, Dec. 1899, Tonduz

(n. 13547)-

Inga (§ Pseudinga; Ser. Vulpinae Benth.) Tonduzii Donn. Sm.

Setuloso-hirsuta. Petioli alati, foliolis 2-3-jugiS ellipticis vel ovato-

ellipticis acuminatis basi obtusis. Pedunculi singuli vel bini spicae

rhachin subaequantes- Corolla villosa calycem parce setuligerum

bis superans. Legumen hirsutum planum marginibus incrassatum

vix dilatatum.

Arbor, coma rotunda {Tonduz in schedula), ramulis petiolis pedunculis pate

sequeferrugineo-setulosis. Stipulae deltoideae attenuato-acuminatae lo-i

^ae 6-7™"^ latae coriaceae striatae glandulosae extus hirsutae cadt

mm

longu

longus 6-8"^"^ latus, infra jugum infimum

utrinque ad ner\^os dense inter nervos parcius hirsutis filiforme cuspidatis, supre-

mis maximis 12-17^"^ longis 6-9^^ latis par infimum 3-4-plo excedentibus.

Pedunculi circiter 2^^ longi, spicis densifloris, bracteolis lineari-lanceolatis 7-10'""^

s extus hirsutis subpersistentibus. Calyx in lobos^vel dentes acutos dirum-

pens praeter setulas sparsas glaber. Corolla pallida flavida 27^™ longa usque

ad quintam partem superiorem acute lobata. Stamina rosea coroUam bis super-

antia, tubo incluso. Ovarium glabrum. Legumen 17^^ longum 38™^ latum

marginibus 4"^"^ crassum.

—

I. insignem Kunth et /. Pitiieri Micheli revocans

ab utraque tamen legumine sectionis distinctissima.

Las Vueltas, Tucurrique, Costa Rica, alt. 635^, Dec. 1898, Adoljo Tonduz

(n. 12928).

Faramea (§Hypochasma MuelL Arg.) suerr<

{F. trinervia K. Schum. et Donn, Sm., var. suerrensis Donn. Sm.)

—

Folia obovato-vel oblongo-elliptica vel lanceolata in caudam gracilem

acuminata basi acuta trinervia. Cyma foliaceo-bibracteata. Pedi-

colli floribus breviores, Calvcis tubus turbinatus limbus

denticulatus disco brevior. Alabastrum loborum corollae subglobo-

sum, Filamenta longiuscula. Fructus transversim ellipsoideus.

Frutex 3-4"^ altus ramosus. Folia crasso-pergamenea diaphana nitida con-

coloria 16-22^^ longa 4-7^^ lata in caudam 14-20^^^ longam desinentia, costa

J

?

i
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utrinque prominente, nervo conspicuo a basi utrinque prodeunLe apicem attin-

gente a margine 5-8"^"^ distante, nervis lateralibus primariis angulo fere recto

a costa divergentibus utrinque 14-16, petiolis 8-12"^"" longis, stipulis persisten-

I tibus vaginantibus 7-9"^"^ longis muticis. Pedunculus 4-5 ^'^ longus apice brac-

teis lanceolatis 4^"^ longis caducis instructus, cyma foliis brcviore densiflora repe-

titus trichotoma, pedicellis 4-6"^^ longis. Calycis tubus i"'"^ longus limbo intus

glanduloso bis longior, denticulis minutis. Corolla intense cyanea 9™"^ longa

tertia parte lobata ore constricta. Stamina corollae ad basin versus inserta,

filamentis i .
5"^"^ longis, antheris inclusis. Discus cylindricus i"^"^ longus.

Fructus cyaneus transversim 15"^^ longus ii"^"i ^rassus, semine conformi subtus

usque ad medium transversim bipartito.

In silvis profundis udisque ad fundum Suerre dictum, Llanuras de Santa

Clara, Costa Rica, alt. 300"^, Febr. 1896, /. Donmll Smithy n. 6589 ex PL

Guat. &c. quas ed. Donn. Sm.—In silvis prope confluentiam fluminum Puerto

Viejo et Sarapiqui, Llanuras de Tortugero, Costa Rica, alt. 120^, Febr. 1893,

P, Biolley (n. 7394).

Faramea (§ Hypochasma Mucll. Arg.) eurycarpa Donn.

Folia obovato-vel elliptico-oblonga caudato-acuminata basi acuta

subtus flavo-virentia; nervis lateralibus validioribus remotis prope

margincm arcuatim connexis. Cyma folia subaequans laxiflora,

pedicellis gracillimis. Calycis lobi inaequales apice rccurvati. Fruc-

tus transversim oblongo-ellipsoideus.

Arbuscula, ramulis flavo-virentibus. Folia tenuiter chartacca diaphana dis-

coloria 11-15*^'^ longa 4-5*^"^ lata in caudam 10-12"^"^ longam contracta, nervis

lateralibus patentissimis utrinque 8-10, petiolis 4-5"^"^ longis, stipulis cito caducis

ignotis. Pedunculus 4-6^"^ longus, bracteis ovalibus 4"""^ longis aristulatis, q^ma

subcorj-mbiformi quater quinquiesve trichotoma, pedicellis 10-13"^™ longis.

Calycis tubus campanularis 2'"'" longus limbum atque discum aequans, lobi

» oblongo-ovati accrescentes, duo opfx)siti 3-6"^"^ longi ceteris 2-3-plo majores.

\
Corolla cyanea lo-ii"^"^ longa, loborum alabastro ovoideo 3

.

5"^"^ longo. Stamina

l»

T

4

tubo
7 '

tnincato-conicus. Fructus transversim 12

leo basi transversim ct profunde bipartito.

Discus

longu

Las

898

Themistoclesia pterocarpa Donn. Sm.^—Folia obovata apice rotun-

data basi attenuata obscure quintuplinervia. Flores solitarii. Calyx

campanulatus pentaptcrus corolla 5-plo fere superatus. Antherae

t rimis linearibus dehiscent cs, filamentis glabris. Fructus globosus

alatus.

i
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Fruticulus epiphyticus ramosus dense foliosus, ramulis novellis et petiolis

pubescentibus. Folia plerumque 2^™ longa i^^ lata coriacea praeter costam

supra puberulam glabra, margine integro revoluto, nen'is venisque praesertim

subtus subinimersis, petiolis canaliculatis 1™°^ longis. Pedunculi singuli tetragoni

basi squamosi 6-7^°^ longi et flores glabri. Calyx 4™™ longi, tubo quam limbus

bis longiore. Corolla tubulosa 18-19™"^ longa teres, lobis oblongo-ovatis 3.5

longis intus pubescentibus. Stamina tubum corollinum aequantia, filamentis

aequalibus complanatis 4'^'^ longis, loculis granulatis 3.5"^°^ longis antice brevis-

sime calcaratis, tubulis 10™^ longis tertia parte rimosis. Stylus coroUam paulo

superans. Fructus 6"^"^-diametralis.—Calycis tubus Anthopterum simulat.

Inflorescentia atque corolla necnon calycis limbus cum Themistoclesia melius

congruunt.

In summo monte Carizia dicto, Costa Rica, alt. 2000^, Sept. 1900, if. Pit-

tier (n. 1403 1 ).

Centroiwgon (§ Siphocampyloides Benth. et Hook.) porphy-

rodontus Donn. Sm.—Folia subcoriacca nitida lanceolato-ovata sen-

sim tenuiterque elongata basi vix ac ne vix cordata calloso-dcnticulata.

Pedunculi axillares. Calycis tubus poculiformis supra ovarium pro-

ductus basi intrusus segmcnta linearia aequans. Corolla anguste

tubulosa recta. Staminum tubus glaber.

Suffrutex. Folia 7-13^™ longa 35-70"^^ lata acutissima basi truncata vel

retusa subtus pallidiora, denticulis salientibus 0.5"^™ longis et margine revoluto

purpureis, nervals subtus et petiolo 15-20"^^ longo roseolis subtiliter puberulis.

Pedunculi 6-9^^ longi sub flore deflexo torti. Calyx nitidus 14"^"^ longus, tubo

bis longiore quam latiore, segmentis liberis integris acutis. Corolla glabra in

sicco rosea 42-45^^ longa usque ad quintam partem lobata. Antherae dorso

sae, minores vertice penicellatae. Bacca globoso-ovalis, o'""^ longa

7™^ lata.

J
H
Cost.).—Sub Siphocampylo Costaricae Vatke olim distributus.

Centropogon (§ Siphocampyloides Benth. et Hook.) nemato-

sepalus Donn. Sm.—Undique paleaceo-pubescens- Folia mem-
branacea supra sparsim subtus dcnsius pubescentia lanceolato-ovata

sensim elonga

cull axillares. filiformibus

culatis bis superatus. Corolla incurva sursum sensim paulo ampliata.

cum

Suffrutex scandens, partibus novellis canescentibus. Folia subtus pallida

75'ioo™^ longa 35-45^^ lata, denticulis minutis inaequalibus ciliolatis, ner\^is
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venisque subtus patenter pubescentibus, petiolis 35-45"^°^ longis. PcduncuU
foliis breviores, floribus pubescentibus 46-50"^^ longis. Cal}-cis segmenta tcnuls-

sima 9"^"^ longa denticulis subulatis utrinque 3-4 munita. Corolla siccitate pur-

purea leviter incurva 42-45"^^ longa, lobis ii"^"^ longis. Antherae cxsertae,

minores vertice penicellatae. Bacca ignota.—Speciei praeccdenti foliorum cir-

cumscriptione similis eorum indumento et margine necnon florum indole satis

differt.

Cuesta de los Borucas, Comarca de Puntarenas, Costa Rica, alt. 2300™,

Jan. 1897, H. Pittier (n. 10533).

Donn

Sm Pcdunculi foliis

longiores usque ad 6-^"^^ longi. Calycis segmenta integra tubum
r

aequantia. Antherae dorso sicut staminum tubus glabrae. Bacca

glabra globoso-ovalis.

La Palma, Prov. San Jos€, Costa Rica, alt. 1500"^, Jul. 1888, H, Pittier

(n. 271).

Ardisia (§ Pickerixgia Mez.) meiantha Donn. Sm.—Folia pan-a

lanceolato-elliptica utrinque acuta integra coriacea utrinsecus punc-

tulata et eminenter minuteque reticulata. Flores bipinnatim panic-

ulati in genere minimi 5-6-meri. CoroUae lobi patentes staminibus

breviores. Filamenta antheris quincuplex longiora.

Folia 40-70"^"^ longa 15-25™™ lata a medio utrinque fere consimiliter angus-

tata subtus pallidiora, petiolis canaliculatis 5-7^^ longis. Panicula terminalis

breviter pedunculata densiflora minutissime furfuracea 35-50"^°^ alta, ramis

primariis racemose florigeris, infimis 10-15"^"^ longis, bracteis oblongo-ovatis

ymm longis, pedicellis 2-3"^"^ longis in calycem basi incrassatum ampliatis,

bracteolis ovatis 2"^"^ longis sicut bracteae rubro-punctatis et caducis. Flores

plerumque 6-nieri genitalibus porrectis computatis vix 3.5'"'" longi. Sepala

concava ovalia i"^"^ longa marginibus minutissime ciliolata. Corolla 2"^™ longa

usque ad duas partes fere lobata, lobis imbricatis breviter oblongis obtusis uti

sepala punctis et lineis rubro-notatis. Filamenta libera 2.5"*™ longa, antheris

acuminato-cordatis 0.5"^™ longis medio affixis birimosis. Ovarium cum stami-

nibus immaculatum ovoideum stylo subulato adjecto 3"'"" longum 6-8-o\'ulatum.

Fructus ignotus.

Prope Cartago, Costa Rica, alt. 1500'", Apr. 1906, William R. Maxon (n. 44),
m

Typus in herb, Horti Botanici Noveboracensis servatur.

Rauwolfia stenophylla Donn. Sm.—Verticilli approximati tetra-

phylli. Folia lineari-lanceolata acuta in petiolum attenuata in quo-

que verticillo valde inaer|ualia crebre penninen'ia opaca. Cyma

pseudoterminalis corymbiformis foliis bis tcn^e superata dichotoma

rj
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florlbunda. CoroUae tubus calyce 3-plo longior lobos proprios

aequans infra medium staminiferus.

Glabra. Intemodia ad apicem versus ramulorum 8-20"^"^ long a. Folia

chartacea 9-17^^ longa 12-25™"^ lata, cujusque verticiUi folium maximum
minimo bis longius, nenns lateralibus utrinque 30-35 prope marginem arcuatis,

venis subobsoletis, petiolis canaliculatis 7-18^"^ longis. Pedunculi alterni foliis

nascentibus suboppositi, inferiores 25"^^ longi, ramis cymulisque dichotomis,
r

pedicellis 2-6"^"^ longis, bracteolis ovatis vix 0.5"^^ longis. Calyx 1,5™'^ longus,

lobis ovatis obtusis. Corolla 9-10"^^ longa extus pubenila ore cano-pilosa intus

pubescens. Ovaria sejuncta disco cupuliformi cincta circiter 4-ovulata, Fructus

deest,

—

R, longijoliae A. DC. ex characteribus proxima.

Republica del Salvador, loco natali baud accuratius indicato, ann. 1905,

Cdrlos Renson (n. 2S9). Ty-pum in herb. Musei Nationals vidi.

Gonolobus (§ Monostemma K. Schum.) Tuerckhelmii Donn, Sm,

Fusco-pilosus. Folia ovato-lanceolata coriacea discoloria costa

cum petiolo villosa margine pilosa ceterum glabrescentia. Corymbi-

pedunculati simplices petiolo longiores. Corolla rotata reflexa mar
morata lobis orbicularibus. Corona ex lobulis 5 reflexis constans

tube stamineo elongato 3-plo superata. Stigma obtuse angulatum.

Frutex volubilis, caulibus retrorsum pilosis. Folia subtus saltern siccitate

flavicantia. iuniora subtus fusro-retiriilata_ nmvprtiam in-fi^i^™ Inn^a 22-2 .inin

mmlata apice acuta basi rotunda, nervis venisque subimmersis, petiolo 14-17

longo. Corymbi pilosi pedunculo 5"^"^ longo computato 20-26"^"^ longi 5-9-flori,

pedicellis 8-15"^^ longis, floribus i5-i6"^°^-diametralibus. Calyx extus patenter

pilosus intus 5-glandulosus, segmentis ovato-lanceolatis acutis 6^^°^ longis.

Corolla aurantiacea badio -reticulata ^xins, puberula intus nuda, tubo 3"^"^ longo,

lobis 6"^"^ longis. Coronae simplicis lobuli semiorbiculares. Tubus stamineus

columnaris 1.5^^ longus. PoUinia clavata subpendula. Ovaria glabra,

)ducto 2.5^"^ lato, centro depresso. Follicula non vidi.

1 subordinationem Schumannianam prope G. rJiamni-

stiemate

jolium Griseb. locandus.

Coban, Depart. Aha Verapaz, Guatemala, alt. 1320^, Jul. 1906, A. von

Tuerckheim (n. II. 1301).

Sanchezia Sprucei Lindau, var. salvadorensis Donn. Sm.

Arbuscula (cL Velasco in scheda), ramulis obtuse tetragonis et foliis

glabris. Cujusque paris folium alterum altero bis majus. Spicae in

paniculam 14-16''^ longam dispositae internodiis nudis interruptae.

Calycis segmenta cum bracteis bracteolisque glabra, 3 linearia, reliqua

latiora deorsum angustata. Corolla usque ad 56^°^ longa, lobis 5

longis atque latis. Antherae 6'"'" longae. Stylus stigmate 5

mm
mm
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longo computato 65"^"^ longus.—Cum diagnosi exempli typici peru-

viani ceterum satis bene quadrant exempla salvadorensia.

In hortis ad oppidum San Salvador, Republ. del Salvador, alt. 700"^, Dec,

1906, Luis V. VelascOy n. 8985 ex PI. Guat. &c. quas ed. Donn. Sm.

Sahagunia urophylla Donn. Sm. in Box. Gaz. 40:11. 1905.

Description! adde charactera emendata e specimine infra citato

m sumpta:—Folia tactu asperula. Capitula feminina solitaria et brevi-

ter pedunculata vel 2-4 in racemum 3-9*^"^ longum dissita subsessilia,

perianthiis fructiferis 2-8 primum in massam carnosam velutinam

concretis denique solutis.

Specimen n. 112 enumeratum a Cdrlos Renson in Republica El Salvador ann.

1905 lectum in herb. Musei Nationalis vidi.

Baltimore, Maryland



MICROCYCAS CALOCOMA
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY

XCVII

O T I S W. C A L D \V E L L

(with plates x-xiii and rouRTEEN figures)

In a recent number of the Botanical Gazette (i) there appeared

a brief taxonomic account of this plant. It was described originally
r

by MiQUELj from fragmentary material, as Zamia calocoma (2),

although on account of its resemblance to a small Cycas revoluta

he made for it the section Microcycas under Zamia. Later DeCan-
DOLLE (3) added to ]Miquel's description and raised the section to

generic rank. The previous paper (i) added to the knowledge of

taxonomic

mor

field observations
V

The region in which this study was made is in the Sierras of western

Cuba, beginning with the mountains northwest of San Diego de los

Banos, running through the Santa Catalina region, and ending to the

westward with the mountain known locally as Cuchillo de Pinar, near

San Andrace. Within this area Microcycas was found in four places,

in three of which the plants were few and distinctly local. In the

other (Cuchillo de Pinar) the plants were found one, two, or a half-

dozen together at infrequent intervals for a distance of one and a half

to two miles along the mountain. It is highly probable that sufficient

search would result in the discovery of other groups in other moun-

tains. some

known

plant elsewhere, though they saidj^it is extremely rare. The folk-lore

of the region says that the roots of the ^^palma corcho" are good for

use as rat poison, hence the desirability of a knowledge of its location,

and the probability that there would-be knowledge of any large groups

of individuals should they exist.

J

Botanical Gazette^ vol. 44] [118
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The specimens observed were not confined to any particular

exposure; the one shown in -jig. j is facing south; those in ^gs. i, 2,

and 4 are facing north; while those in figs. 5 and 6 face west. In

so far as could be determined, the plants are closely limited in elevation,

the level showing them to be at essentially the same elevation though

^
^

^

Fig. I

-

this vicinity.

abo no other plants in

they vary greatly in their distances from the tops of the mountains

upon which they grow. They were found growing on limestone, in

places almost devoid of soil (fig. 2), in rocky soil {fig. j), and in clay

{figs. 1,4-6,^).

The roots show considerable ability to adjust themselves- In

clay they sink deep into the soil, the stem and root system, in the case
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of younger plants, suggesting the geophilous habit of some of the

Zamias. The plant shown in fig. g was imbedded to within 3.75^^

of the top of the stem. This plant is g .
5^"" in diameter and is doubt-

less a good many years old^ though relatively young. The geophilous

habit is relatively temporary. As the plant becomes older its stem

elongates, and at one period in this advance {fig. 7) the whole plant

bears a marked resemblance to Cycas revohita. The continued

elongation of the stem results, at least in the case of those specimens

that grow surrounded by taller plants of other species, in producing

stems several meters in height {figs. 2, j, 4, 6), the specimen at the

right in fig. 4 (showing neither base nor crown) being 9.5"^ in length.

The plants shown in figs, i and j are doubtless the oldest plants

observed. Both of these grow in the open and it seems not unlikely

that they were once much taller than now, that they w^ere injured by

winds or otherwise, and that the branches now bearing leaves origi-

nated from dormant buds relatively late in the history of these individ-

ual plants- Evidence favoring such an interpretation is found in

the facts that the terminal bud region of both these plants, and all

similar ones observed, is injured and partially decayed; that the

central starchy pith region of Microcycas is extremely brittle and

would be easily broken if exposed to very heavy winds; and that

many cases were obsen^d of new branches arising from the surface

of the plant body. One case was observ^ed in w^hich the young

branch formed roots which penetrated the main body of the parent

plant- Specimens of younger plants were found in the open, in

which there was a single terminal crown of leaves, but none nearly

SO old as those shown in figs, i and j. It may be that, if undisturbed,

these would develop stems as old and thick and not attain greater

height; but this does not seem probable-

The stem may be straight and unbranched {figs. 2, 8), or it may

branch in a number of ways. In
fig. 4 is shown a group of four plants

which arise from the stump of an older one. The decayed remains

of the old stump, though not evident in the photograph, were observed,

and showed clearly that the branches arose from the old stump below

the surface of the ground. Other illustrations of branching are shown

in figs. J, 3, 4, 6.

Upon the surface of the stem of all younger plants, as well as upon



f

Fig. 2. A tj^pe growing in densely shaded regions; this specimen is growing on
the northern slope of a steep rocky mountain.
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older ones of the shaded forms, may be seen rings of the cortex and

bark which indicate the position of former terminal buds {iigs. 2, 4,

5i ^3 ^)' Just what these may signify relative to age has not been

determined. It may be that they are formed only by the foliage

buds, or only from scale buds, or even possibly from reproductive

buds, or all of these put together. It is not known how often a new
crown of scales, or of foliage leaves, or of reproductive structures is

formed in Microcycas. . These rings may persist until the plant is

quite old {-jig. 4), or may disappear entirely and give place to a bark-

formation quite resembling that of the trunk of some pines {fig. j).

In nearly all older plants at the base of the stem will be seen such

bark-formation as shown in the figure just cited, while at some point

above the characteristic rings appear. Were these characteristics

not found upon the same stem, one could readily believe that the

stems shown in figs. 2 and j do not belong to the same species.

The details of anatomy of the stem have not been investigated.

From a gross examination it is evident, however, that Microcycas has a

single vascular cylinder surrounded by a thick cortex and enclosing a

large pith region {jig. 10)^ as in Zamia, Dioon, and Stangeria. The pith

is extremely brittle, and its cells are densely filled with very large starch

grains. .

The leaves, w^hich often exceed a meter in length, vary greatly

in the number in each crown {fgs. 1-8). The length of life of a leaf

could not be determined, and although no leaves upon old plants were

found opening from the bud, the vernation in seedlings is circinate.

OVULATE CONES AND MEGASPORANGIA

A single ovulate cone {jig. 8) was found on a number of plants.

It appears upon first observation to be a terminal structure, but closer

investigation indicates that it is lateral, though younger material must

be studied to determine definitely^ this point. The base of the cone

is enclosed by heavy, hairy scales {figs. 11 j 12) w^hich usually have

their upper ends pressed closely between the outer portions of the

basal sporophylls. The cone shown in jig. 8 was 94^"^ from the

center of its base to the center of its tip, and weighed 9 . 5^^, being the

largest cycad cone yet reported. This one, however, appears to be

slightly larger than the average ovulate cone of Microcycas.



>

I

I

Pig. 3. An old plant with numerous branches; rings about the stem have dis-

appeared, and ridged bark is present.
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In cones of the ages shown in the figures the sporophylls are
+

closely pressed together, and are covered over the exposed portion by

of closely appressed grayish hairs. At the time of seedmass

distribution the sporophylls separate, the entire cone bends on its

stem, and is pendent from the apex of the plant. The individual

sporophylls bear some resemblance to those of Zamia^ but are specific

cally distinct. The outer portion is drawn out into an obtuse point,

upon which are two ridges.

Most of the cones are quite symmetrical and are remarkably well

rounded both at base and tip, thus suggesting complete pollination

and development of sporangia (figs. 8, ii, 12). In some cases this

is not true, and irregularities suggesting imperfect pollination are

conspicuous. To the left in fig. 11 such a cone is shown.

Each sporophyll bears two sporangia of a peculiar salmon-pink

color. These sporangia in the mature cones are closely crowded

together {fig. 12), thus producing the corklike form of the seed from

which is derived the Cuban name "palma corcho/^ The Integument

of the ovule is differentiated into an outer fleshy layer; a thin, hard,

brown layer; and an inner fleshy layer which becomes thin and

papery. Vascular bundles pass up the stalk of the me
anastomose in the upper portion, and give off five to eight branches

which pass into each ovule. Just after entering the base of the ovule

each vascular bundle forms two branches, one of which traverses

unbranched the outer fleshy layer; the other enters the hard coat and

divides into a large number of anastomosing branches (jig. 16).

STAMINATE CONE AND MICROSPORANGIA

Although the staminate cones had formed and shed their pollen

some months before they were obtained, one entire cone and frag-

ments of several others were found. It is likely that the entire cone

shown in fig. ij was delaved in development and did not mature its

poll

stamens

the material collected it w
lon'g and 5-8^"^ thick. ]

that it is lateral in origin.

From
.30cm

stem

microsporophyll has its outer portion expanded, and spo
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Fig. 4. Three plants; large one at right (9.5"^ high) showing neither crown nor base;
m the middle a small plant showing terminal burl and two or three old leaf sUlks; at left
a branching pknt, the height of which k suggested bv the two men, one of whom is standing
«t the base of the tree.
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rangia entirely cover the basal two-thirds of the abaxial surface {fig.

14). They are not arranged in sori and cover the basal and apical

sporophylls as completely as they do those in the middle of the cone.

The sporangium dehisces by a long slit which extends almost to its

base. The microspores are s

and a quite prominent intine.

moderately

MALE GAMETOPHYTE AND SPERMS

None of the pollen collected could be made to germinate, possibly

due to its age and to the fact that a fungus was growing in the material

when collected.

In the earliest stages shown by the material, the male gametophyte

is already w^ell developed {fig. if). After the microspore reaches the

pollen chamber, the pollen tube grows upward and outward into the

nucellus. The relation of this growth in time to the development of

the structures within the tube could not be determined. In pollen

tubes at this stage there are usually a tube nucleus, a prothallial cell,

a stalk cell, and eight body cells {figs, ij, 18), The tube nucleus is

usually near the tip of the tube {figs. 18, ig), but sometimes behind

some of the body cells {fig. 13). Most of the body cells remain near

the base of the pollen tube, though some are usually near its tip.

While the number of body cells is most frequently eight, it varies to

nine {fig. 20), ten {fig. ig)^ and possibly more. Several illustrations

of such variation were found.

The prothallial cell extends into the stalk cell {figs. 17-20) ^
as

described by Webber (6) in Zamia. At the base of the prothallial

cell there may be seen sometimes a darkly staining mass which may

possibly be the remnant of a first prothallial cell {figs. iQj 20).

In the youngest body cell observed the two blepharoplasts are well

organized, each w4th numerous radiating lines of cytoplasm which

extend well down toward the equator of the cell {fig, 21). The

nucleus is sometimes irregular in form, as if its membrane in places

.were being pushed inward by the cytoplasmic radiations. When the

nucleus varies from the spherical form, it is more or less flattened at

right angles to the lines of radiating cytoplasm {figs. 17-20, 21, 47)*

At this stage the blepharoplasts are usually opposite each other,

and the entire cell presents a beautiful symmetrically arranged sphen-
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cal figure- A few cases were observed in which the blcpharoplasts

were near each other {iigs. 22 ^ 2j), and one case in which they were

in contact {jig, 24) ; a careful search failed to show other blcpharo-

plasts. Webber figures similar cases, except he found none in which

the blcpharoplasts were so close together as in figs. 2j and 24.

grass

J

Fig. 5.—Four plants which have grown from stump of an old plant; an exposed

(fig

(fig

sperm

While this division is occurring, the blcpharoplasts begin

form a distinct band (fig

(fig

lies, upon which the beginnings oi

The mother cell does not become

spherical, but is flattened on the side adjoining its mate, and when
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somewhat older than the stage shown in -fig. 2j is distinctly beaked at

the end, where most of the blepharoplast granules lie. This nuclear 1

1

form

Fig. 6.—A tall branching plant^growing in the open and having much the same

beak is described for Cycas by Ikeno (7), but according to Webber's

figures it does not occur in Zamia. The sperm cells nearly always
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k

become entirely free from one another before the ciliated band is

formed. In Zamia Webber points out that the ciliated band is

formed before the mother cells become separate, and describes one

case in which he observed two sperms swimming while yet attached

to each other.

In this manner sixteen sperms are formed in each pollen tube

(figs, 28, 2g), In those pollen tubes in which nine or ten (or possibly
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Fig. 7.—A young plant of the t^^pe usually found in exposed regions. The crown

of such plants suggests that of Cycas revoluta.

more

sperms is formed, but no case was observed in which there were

more

When
tube grows toward the female gametophyte {fig. 26). In one case

the entire mass of sperms was formed within the thicker portion of the

inline, at the point where the fx)llen tube began to develop from the

microspore
{fig. 2p). Whether in this particular case there had been

an upward growth of the pollen tube could not be determined. Usu
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ally the downward growing branch of the tube in which the mass

of sperms is found is thin-walled, as are the ascending and lateral

branches {'fig, 28). By dissecting pollen tubes from a cone that had

Fig. 8.—^An

been kept in the laboratory for two months, motile sperms were

observed; the general form is shown in fig. jo. So far as could be

determined, their behavior was similar to that of the sperm described
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for Cycas by Ikeno, for Ginkgo by Hirase (8), for Zamia by Webber,
and for Stangcria by Lang (9). The cone had lost its vigor, however,

and no cases of fertilization were secured.

The full significance of this remarkable number of sperms in each

male gametophyte cannot be known without an investigation of the

origin of the body cells. No other seed-plant has been found to have

more than two mlile cells in each male gametophyte. The fact that

;^, vj
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Fig. 9.^A relatively young plant removed from the earth.

there are in Microcycas sixteen mother ceils, each organizing a sperm,

is especially suggestive when it is recalled that a common number of

sperms in each antheridium of the leptosporangiate ferns is thirty-

two. Another division of the body cells of Microcycas would result

in this fern condition. It will be of great interest to know whether

any of the four cycad genera as yet uninvestigated possess this remark-

able character.
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FEMALE GAMETOPHYTE AND ARCHEGOXIA

material

female erame The structure of the adult

ame
manner. Usually the radial arrangement of the

nt (fig, 48) J
and in nearly all cases there is a median

w
h
%

. ^^ ^_

\

^

^*^

^1 - ^^TK-?-
.NMm a ^vV-Hr^^^Jt P-i^^4^^*t^,l^*^-^

Fig. 10.—Cross-section of stem.

line formed by the abutting tissues {fig. jo) ; in some cases this median

cleft extends to the micropylar end of the gametophyte. On the sur-

face of the gametophyte the tissue often produces lobes, between

which there may be conspicuous seams of more or less completely

united tissues running well into the interior of the gametophyte (fig.

50). It seems probable that these lobes continue to grow outward

after the main body of the gametophyte is well formed. The cells of

the gametophyte are well filled w^ith starch. The entire structure

I
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Fig. II.—Two ox-ulate cones.

^s 2.5-3.5=™ long and 1.75-2'='" broad. The nucellus forms an
extremely thin layer closely adhering to the surface of the gameto-
phvte.
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T

m

Fig. T2.—An ovulate cone; some of the

sporophylls have been removed, showing the

Archegonia may be formed

at the micropylar end of the

gametophyte, or on the lobes

produced on the sides or

loAver end, or on the unlobed

surface, or in rare cases within

the tissues in^ such position as

to open to the median cleft

ifig^' 3^^ 48. 49^ 50) > They

are more abundant at the

micropylar end than else-

where, and in many cases

they are formed in no other

region (fig, 48) . The number

of archegonia is large; one

cross-section made a little

back of the end of the game-

tophyte showed 169 distinct

Doubtless in

many cases the number

exceeds 200 m the entire

gametophyte and may even

be double that number (fig.

4p). There is apparently

little difference in the age of

archegonia at the micropylar

end and on the lateral lobes.

material

archegonia.

The age of the

did not permit a study of the

development of the arche-

gonium. Two neck cells are

formed, but these do not pro-

trude as noted in Zamia by

Coulter and Chamberlain

(10), and in Dioon by

Chamberlain (4) ; they may

extend slightly beyond the

central axis and the attachment of the ovules- SUrface of the gametOph\^e

1
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{fig. 33), but usually they are even with the surface, as shown

in the case of the single neck cell in fig. 34. In some cases at least,

the neck cells break down, leaving the central cell exposed at the

surface of the gametophytc {figs. 55, 36). The contents of the

archegonia showed considerable variation. In such archegonia as

are shown in figs. 33 and 34, there is the usual condition in which the

ventral canal cell has not yet been cut off; in numerous other cases,

however, two or three nuclei were found (figs. 36, j/, jp). Coker

(11) found that in Taxodium the free ventral canal nucleus after

fertilization divides amitotically ; and in Podocarpus he observed

(12) the same phenomenon. It is possible that

some of the nuclei found in the archegonium of

Microcycas may have arisen in this way, but failure

Fig. 13.—An old

staminate cone.

to find any ventral canal nuclei in the usual position,

though many central cells were examined, indicates

that the material was not old enough to have formed

ventral canal cells. That some of the central cells

were almost ready to divide, hower, is shown by

the condition of the nuclei in figs. 34 and 3j. It

is probable that archegonia may unite by the

absorption of their dividing walls, for they often

crowd upon one another very closely, as in fig. 38, in

which absorbtion of the separating walls would

result in just such a condition as is shown in figs. 36

y

3'/y and jp. Comparison with other cycads would

also suggest that the archegonium has not reached the stage for

cutting off the ventral canal nucleus. It seems altogether probable

that a ventral canal nucleus is cut off subsequently, and that the

two or more free nuclei observed are the result of the union of two

or more archegonia.

The development of jacket cells, as described Ijy Gorosciiaxkin

(i3;,Treub (14), Ikexo (7), Smith (15), Stopes and FL'jn (16},

is much less regular in Microcycas than in the other cycads studied.

This is probably due to the crowding together of archegonia and the

consequent absorption of intervening tissue.

The ver}- large number of archegonia and their peculiar distribu-

tion are suggestive of primitive conditions, and this is emphasized

by association with the large number of sperms.
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EMBRYO

J

'mbr\

id February no

A second collec-

tion of cones forwarded late in February failed to arrive. In a third

m
were found to contain embryos in which the suspensors were well

developed. The suspensors are long and more or less spirally coiled

(figs, 40, 41) y the one shown in fig
^^ long. A dozen or

more embryos may be found in a single gametophyte. The pressure

of the spiral suspensor is such as frequently to lift the nucellar cap

when the hard seed coat is removed. bry

jj^--- ^

-_ '\

y.

^yMr'^.

.^ ^

H

Fig 14—Staminate sporophylls; the two at the left show the adaxial surface, the

two at the right the abaxial surface, the middle one a lateral view.

would hold it firmly against the endosperm. Frequently suspensors

pass upward through the archegonia and over the gametophyte under

the nucellar cap {fig, 41). No embrj-os were found in any archegonia

except those at the micropylar end of the gametophyte.

While material was being collected in Januarj^ and February,

seeds were found on the ground at the bases of plants that had ripened

ovulate cones the preceding year, and some of them had germinated.

The fleshy seed coat was gone, and in many cases there were scars

upon the hard seed coat, evidently made by the teeth of animals; in

some cases the empty seed coat appeared to have been opened by

animals.

Within the mature a em

o median made
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in the seeds examined varying from three to six in number; usually

they are straight, but occasionally they are spirally twisted {jig. 42).

The seeds and seedlings secured were planted in the greenhouse and

are jiist now beginning to grow. After the root tip emerges and enters

the earth (fig, 4j), the cotyledons remain in the seed coat for a long

period, but its length was not determined. A tuberous stem several

centimeters in length is produced before other structures emerge

from the seed. The first true leaf, just now appearing in the green-

house material, is somewhat circinate, distinctly hairy, and arises

almost from the center of the stem {figs. 44^ 45). In the peculiarly

severe conditions in which Microcycas lives, there is often great danger

to the seedlings of dessication, and the production of a stout tuberous

stem before the production of leaves is evidently of great advantage.

SUMMARY

1. Small and wddely separated groups of Microcycas calocoma

occur in some of the mountains of western Cuba.

2. The adult plant is a small tree, and reaches the greatest height

and circumference yet recorded for any cycad indigenous to the

western hemisphere. The stem may be a straight shaft or may

branch many times.

3. The ovulate cone is the largest known; and it and its sporo-

phylls bear more resemblance to those of Zamia than to those of other

cycads.

4. Unbranched vascular bundles pass up the stalk of the mega-

sporophyll, anastomose in the expanded portion, then give off five to

eight branches to each ovule. Immediately after entering the ovule

each branch divides, one subdivision passing unbranched through

the fleshy layer, and the other passing into the hard layer and branch-

ing many times.

5. The staminate cone is long and slender, and two-thirds of the

abaxial side of its sporophylls is densely covered by sporangia which

do not show any distinct grouping into sori.

6- In the male gametophyte eight body cells are formed and six-

sperms Each body cell has two large blepharoplasts which

side.

opposite sides of the cell, but sometimes

mes nine or ten body
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7. The female gametophyte is often prominently lobed, and

develops a large number of archegonia (sometimes exceeding 200),

which are produced on any part of the surface or even within the

Tm
8. Many embryos are produced, the suspensor being very long

and spirally coiled and pressing the embryo tip against the endo-

sperm; the cotyledons are three to six in number.

g. Microcycas may be regarded as the most primitive cycad yet

described.

I wish to acknowledge the kindly assistance in the field and in

camp from Senor don Felice Hernandez y Cruz of Santa Catalina,
i

Cuba; assistance in the field and courtesies in the laboratories of the

Cuban Agricultural Experiment Station from Professor C. F. Baker,

Director J. T. Crawley, Mr. H. A. van Hermann, and Mr. E. W*
Halsted; and courtesies of the laboratories, constant suggestions,

and helpful criticism from Professor John INI. Coulter and the

members of the botanical staff of The University of Chicago.

The University of Chicago
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EXPLANATION OF PLATES X-XIII

PLATE X

Fig. 15. Diagram of nucellus showing haustorial branches of pollen tubes

growing upward and outward from pollen chamber. X15.

Fig. 16. Diagram of megasporophyll showing anastomosing of veins in

expanded portion; veins passing into ovule and rebranching at base of ovules

into outer fleshy and stony layers: g, female gametophyte; n, nucellus; i, stony

layer; v, unbranched vascular bundle in fleshy layer (0); v^, branching vascular

bundles in stony layer. Xf.
Fig. 17. Pollen tube containing eight body cells, some of which show two

blepharoplasts; one small tube nucleus; stalk cell and projecting into it the

prothallial cell; a fragment of the exine adheres to the intine at the base of the

tube. X160.

Fig. 18. Pollen tube with eight body cells, tube nucleus, stalk cell, and

prothallial cell. X160.

^ at left of fig. ly; contains ten body cells and the other

r

h
body cells. X 160

PLATE XI

Fig. 21. Body cell surrounded* by thin layer of cytoplasm; blepharoplasts at

opposite ends of the cell; nucleus apparently compressed by radiating fibers;

prominent nucleolus. X 750.

Fig.
4

body cell. X 1400

400
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Fig. 24. Blepharoplasts in contact. X 1400.

Fig, 25. Spindle in body cell, showing some of the chromosomes; blepharo-

plasts beginning to form band, X 750.

Fig. 26. Diagram of nucellus showing several pollen tubes; lo^yest one show-

ing the descending portion in which the sixteen sperms are formed. X15.

Fig. 27. Pair of mother cells formed from body cell; near wall may be seen

fragments of blepharoplasts, X750.

PLATE XII

Fig. 28. Descending tip of pollen tube in which are fifteen sperms in process of

formation; top of spiral of one is shown, and the beginnings of spiral bands in

two others; to the left is the tube nucleus. X450.

Fig. 29. Pollen tube containing sixteen sperms, two of which show merely

the tip of their spiral bands; it was not possible to discover in this tube the usual

haustorial branch that ascends into the nucellus, all development having appar-

ently taken place almost within the limits of the old microspore; intine unusually

heavy and somewhat broken; growth in the direction of the archegonia. X180.

Fig, 30, Sperm seen from above. X750. (Plate XL)
Fig. 31. Part of ciliated band showing two regions and cilia arising from

darker one. X1400.

Fig. 32. Diagram of cross-section of o\aile, made from cross-section about

one-third its length from micropylar end. X3.

Fig. 33. Diagram of an archegonium. X75.

Fig. 34. Archegonium, showing central cell and one neck cell.

Fig. 35. Tip of archegonium; neck cells absent or broken down. X750.

Fig. 36, Archegonium containing three nuclei, probably resulting from union

of three archegonia; neck cells absent or broken down. X750.

Fig, 37. Archegonium containing three nuclei, probably resulting from union

of three archegonia. X270.

Fig. 38. Diagram of section of two archegonia, the two having the form of

one, but still separated by wall. X270.

Fig. 39. Cross-section of an archegonium containing two nuclei. X270.

Fig. 40, Two young embr}'os, their suspensors so closely attached as to be

indistinguishable above, but separated below; at top is mass of old archegonia

from one of which the embryos are growing. X2.

Fig. 41. Older embryos growing from mass of old archegonia; the longest

suspensor measured 8*^ in length; two suspensors growing upward from the

archegonia were closely appressed to the gametophyte immediately beneath the

nucellar cap. Xj.

Fig. 42, Endosperm (seed coats removed) containing an embr}^o; cotyledons

spirally twisted, a feature not present in most seeds examined. X i-

Fig. 43. Germinating seed. X
Fig. 44. Young plantlet resuming growth after having been transplanted;

stem in same position as found in nature; at its top are scale-like growths which
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apparently are beginnings of bud scales; first leaf circinate, distinctly hairy, and

showing the beginning of leaflets. Xj.

Fig. 45. Plantlet, of same age as in fig. 44, removed from the earth; does not

show scale-like growths. Xi.

PLATE XIII

Fig. 46, Pollen tubes in nucellus; body cells (eight in each of two tubes)

seen in the ascending haustorial branches.

Fig. 47. Two body cells, showing form of nucleus^ blepharoplasts, and

radiating cytoplasm.

Fig. 48. Tip of female gametophyte, showing mass of archegonia.

Fig. 49. Cross-section of female gametophyte about 3^"^ from micropylarend.

Fig. 50. Longitudinal section of female gametophyte, showing archegonia at

micropylar end, along both sides, in median line, and at basal end.



APOGAMY IN NEPHRODIUM
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY

XCVIII

Shig£o Yamanouchi

This preliminary note will give a brief account of my cytological

studies on apogamy in Nephrodium molle Desv., which were con-

ducted at the Hull Botanical Laboratorj^, the University of Chicago,

under the direction of Professor John M. Coulter and Dr, Charles

J. Chamberlain, to whom I acknowledge my great indebtedness

for their suggestion and assistance in this investigation.

To undertake the solution of such an important problem as apog-

amy, it is absolutely necessary for an investigator to have beforehand

a thorough knowledge of the nuclear condition in the normal life-

history of a selected form. For this reason I have made a complete

study of the normal life-history of Nephrodium in order to obtain the

knowledge requisite for an investigation of the problem of apogamy-

The detailed account of this investigation, with plates and a dis-

cussion of literature, will be published later in three successive papers,

.

entitled ''Sporogenesis;" "Spermatogenesis, oogenesis, and fertili-

zation;" and ''A study of apogamy/'

Mitoses in the sporophyte.—It was very easy to get the successive

stages of the process of the vegetative mitoses in various parts of the

leaf, but the most favorable figures were obtained during the forma-

tion of the sporogenous tissue.

The resting nucleus in the sporogenous tissue contains a delicate

network with one or several nucleoli. Approaching the prophase

of the mitosis the network passes into the continuous spirem, uniform

in thickness and distributed throughout the nuclear cavity. Two
kinoplasmic caps with few fibers are formed at the two poles out-

side the nucleus- The nuclear membrane becomes elongated a little

toward the kinoplasmic caps and begins to break down at that point.

Coincident with this the spirem segments into a number of chromo-

somes to which intruding spindle fibers become attached and finally

establish an equatorial plate that has a characteristic aspect w^hich

will be showm in a final paper.

i

Botanical Gazette, vol. 44] [142
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The cliromosomes at the equatorial plate split longitudinally,

and, after a peculiar change of their fornij two groups of daughter

chromosomes pass to the opposite poles of the spindle^ where they

become closely crowded in a mass. The polar view of this stage

shows that the number of chromosomes is 128 or 132. Nucleoli

fuse usually into one or two globules which decrease in size, finally

vanishing during the prophase. The daughter chromosomes,

crowded in a mass at the poles of the spindle, become so closely

aggregated that it is hard to identify their individual outlines; then

follows vacuolization of each chromosome.

The central spindle lying between two poles, after organization

of the daughter nuclei seems to contribute material for the formation

of the cell plate, and consequently it proceeds from the center toward

the periphery of the cell.

The resting nucleus of the spore mother cell contains a fine net-

work of linin, in w^hich the chromatin material is distributed in larger

and smaller knots. With the further growth of the nucleus, the knots

in the netw^ork decrease in size, whereas the delicate linin part increases

in thickness, and finally there is formed a well-developed spirem, uni-

form in thickness and very much tangled. This state soon passes

into the synaptic stage, which seems to culminate by location of the

tangled spirem at one side of the nuclear cavity. The spirem consists

of two threads, close together; in some parts the two are in contact

side by side, and in the other parts they arc fused into a single thread.

These two threads may represent, according to the recent interpreta-

tion of synapsis, chromatin of maternal and paternal origin.

After synapsis, the tangled thread begins to uncoil and becomes

distributed throughout the nuclear cavity; the spirem shows longi-

tudinal splitting, but the two elements of the spirem which resulted

therefrom remain closely associated so as to form a double thread,

which finally segments into 66 or 64 chromosomes, each showing

clearly its bivalent nature.

Fibrillar structures which first appear at the periphery of the clear

region closely surrounding the nucleus become more and more

pronounced until they approach the nuclear membrane, and when

the membrane breaks down the fibers enter into the nuclear cavity from
"

several directions.
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cytoplasmic.

iheiy of the a
Nephrodium

sperm

meta

chromosomes

poles of the spindle. After telophase,

cell contains a single blepharoplast.

sperm mother

When
sperm mother cell, far apart from

For the sake of convenience, we shall term this body, at present, the

Nehenkern.

The blepharoplast in close contact with the nucleus increases

n

AMien the spindle becomes bipolar, the chromosomes at the

equatorial plate are arranged regularly, so that the counting of their

number is easily done from the polar view. These 64 or 66 bivalent '

chromosomes separate and two sets of daughter chromosomes, each

64 or 66, pass to the poles of the spindle, and daughter nuclei are

formed by the vacuolization of chromosomes.

Granularization of cytoplasm now^ begins at the peripher}^ of the

equatorial plate and proceeds toward its center, and seems to replace

entirely the central spindles, so that the spore mother cell is divided

into ^wo hemispheres by the equatorial zone of granular cytoplasm.

Except in the number of chromosomes, the second, the so-called

homotypic mitosis, is essentially the same in Nephrodium as the

typical mitosis of the vegetative cell; 64 or 66 chromosomes reappear

at the prophase of the second mitosis, split longitudinally, and are

distributed into spores.

Spermatogenesis.—The mitoses in the vegetative cells of prothallia

are similar to those of the sporophyte. The number of chromosomes,

however, in this case is 66 or 64. The account of the mitoses which *

take place from the cutting-off of an antheridial initial from the

superficial cell of the prothallia to the formation of sperm grand-

mother cells will be omitted. The number of chromosomes is always

66 or 64.
I

The sperm grandmother cell is characterized by the first appearance

of blepharoplasts. The blepharoplasts first appear as two small
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in size and assumes gradually a coiled band shape, while the nucleus,

after an interesting modification of chromatin material, becomes

also a coiled structure. The cilia appear only on the outer surface

of the blepharoplast. The Nebenkern remains attached at the

posterior end of the mature sperm, with the remnant of cytoplasmic

material.

Oogenesis and jertilization.—In the formation of an archegonial

initial from a vegetaltive cell of the prothallium, 64 or 66 chromosomes

are present. The mitoses which occur in the formation of the cen-

tral cell; neck and ventral cells, and neck canal, ventral canal, and

egg cells, have very interesting peculiarities which will be described in

a later paper. The noteworthy thing is that the number of chromo-

somes is 64 or 66.

Sperms pass through the archegonial neck and reach the egg cell.

Normally a single sperm succeeds in entering, through the cytoplasm,

into the egg nucleus which is in the resting condition. Within the

egg the sperm finally loses its individual outline.

The fertilized egg nucleus in the resting state passes into the pro-

phase of the first segmentation division. The spirem is a homogeneous

thread structure, uniform in thickness, and seems to be continuous.

It segments into a number of chromosomes that become arranged in

an equatorial plate. The chromosomes in the equatorial plate split

longitudinally and two sets of daughter chromosomes separate and

pass toward the poles of the spindle. The polar view of this set shows

that the number of chromosomes is 128 or 132.

The further processes of segmentation divisions during the develop-

ment of an embryo were traced out in order to make certain the number

of chrosomomes, and 128 or 132 are always present.

Apogamy,—The prothallia which produce ajx^gamous sporophytes

do not seem to be different from those which form normal embryos,

so long as they remain a single cell layer in thickness throughout. The

morphological structure does not seem to show any peculiarity. Num-

erous antheridia are produced. Although the mitoses which give rise

to sperm mother cells from a primary spermatogenous cell are different

from those of a normal case, yet the motile sperms are developed.

The most important and peculiar feature of the prothallia m
connection with apogamous growth is as follows: The successive
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cell divisions proceed in the cushion region as usual in a normal

casCj but no functional archegonium is formed. In a certain portion

in or near the cushion region, a superficial cell divides perpendicular

to the surface of prothallium, while cells below the surface divide

in various directions. Thus a mass of peculiar structure, whose

further development would result later in an independent sporophyte,

is worked out directly by the continuous growth of the prothallium.

The nuclear conditions were traced through the critical stage, inter-

mediate between gametophytic prothallia and sporophytic structure,

to the independent sporophyte* The number of chromosomes remains

unchanged, always being 64 or 66. There is no migration of a

nucleus from a neighboring cell to effect fusion, as is reported in

Lastrea.

Conclusions,—The nuclear condition of Nephrodium moUe may
be summarized as follows

:

I. The nuclei of the prothallia contain 64 or 66 chromosomes,

the reduced, gametophytic, or x number. The nuclei of the gametes

contain the same number. The fusion nucleus in the fertilized egg

chromosomes

rmg sporoger

Nephrodium

chromosomes

sporophyte the 2X number, and that sporogenesis and fertilization

are the periods which mark the initiation of the two distinct generations.

2. The nucleus of a prothallial cell with the :\: number of chromo-

somes (64 or 66) sometimes becomes directly the nucleus of a sporo-

apogamously produced ; so that the x number

poroph}

seem to affect the fundamental

tion of generations is markedbythe difference in the number of chromo-

somes in the normal life-history; but is simply an abnormal case

of secondar}' importance. Still it must be admitted that in the case

of apogamy at least the number of chromosomes is not the only factor

which determines the character of the sporophyte and gametophyte.

The University of Chicago
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BOOK REVIEWS
i

Plant breeding

Professor DeVries has contributed a most interesting volume^ to the

literature of plant breeding and its relations to the current theories of evolution.

It is a compact and popular presentation of the recent wonderful development

in methods of plant breeding, and a clear statement of the bearing of all this

vast experimental work upon the author's theory of mutation. Of special interest

to American readers are the description of the methods and the results obtained

at the Swedish station at Svalof under NiLssoN, and the comments upon the

work of Burbank. The work of the former will come to many as a revelation,

and the work of the latter will be better understood.

The material of the book is derived chiefly from a series of lectures given during

two summers at the University of California and the University of Chicago. It

is presented under a series of topics, each of which is complete in itself, but all

of which contribute to the general purpose of the author, as expressed above.

This accounts for a certain amount of repetition, but it is the kind of repetition

that uses the same material to illustrate the various points of view involved in a

great conception. It is difficult to give an adequate idea of the contents of such

a book, for the principles become convincing only when illuminated by the details

of experimental work.

The first topic, entitled "Evolution and mutation," is a general introductory

definition of the mutual relations of evolution, natural selection, and mutation,

relations that seem to be persistently misunderstood. Unit-characters, as the'

essential feature of mutation, are defined; and hybridization is shown to result,

not in new unit-characters, which characterize mutation, but simply in a new com-

bination of unit-characters. This position is supported, not only by the author's

experiments, but by numerous cases in horticulture, by the constancy of wild

species, by the behavior of characters in crosses, by the occurrence of clearly

defined small species within the ordinary species of wild plants and agricultural

crops. It is claimed that the slow change of one s])ecies into another has not

been proved, and that the mass of present evidence points to the origin of species

from other species by "sudden leaps," which are called mutations.

The second topic deals with "The discovery of the elementary species of

agricultural plants by Hjalaur Nilssox," whose work the author evidently

' DeVries, Hugo, Plant-breeding; comments on the experiments of Nilsson and

Burbank. Pp. xiii-f 360. Chicago: The Open Court Publishing Co. 1907.
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regards as of the deepest significance, not only in practical plant breeding, but

chiefly in reference to evolutionary doctrine. To develop the importance of

NiLSSOx's work clearly, the author considers the general topic in four sections.

The first is a historical sketch of the ''Different principles in the breeding of

cereals," in which the contributions of LeCouteur, Shirreff, Hallett,

Hays, and Vox Lochow are considered. The first two worked upon the prin-

ciple of a single initial selection and subsequent rapid multiplication without

further selection, in this sense being the precursors of the Svalof method. Then

came the domination of Hallett, whose principle was accepted by German

breeders, and seems to govern them to this day. Its two essential features are

the initial choice, and the slow and gradual improvement by selection. With

great force the author shows that all depends upon initial choice, subsequent

selections only serving to isolate the deviating types; and these " initial choices"

were never numerous. It is significant that Darwin's theory of natural selection,

based inferentially upon artificial selection, was developed at a time when this

so-called "German method" prevailed, and the emphasis was being laid upon the

continuous selection rather than upon the initial choice. The second section

describes *'The Swedish Agricultural Experiment Station at Svalof." It began

with the German conception of plant breeding, but soon changed to its present

ideas. The results have shown that ordinary cultivated varieties of cereals are

not pure, but are mixtures of well-defined and very numerous types; that when

there is so great a range of types for selection, there is only loss of time in gradual

amelioration by so-called methodical selection or in hybridization to secure

new varieties. The third section presents "The Svalof method of producing

improved races," being a detailed account of the method of selection developed

by NiLssoN and his staff. Elementary forms are distinguished by definite "marks"

(botanical characters) that have been found to be associated with certain indus-

trial qualities. The selection is made only once, and the form is found to be

quite uniform and constant, with the exception of accidental hybrids, which,

however, also yield constant and pure races after repeated selection. The high

variability which is commonly attributed to the ordinary varieties of cereals consists

only in the differences among the constituents of the mixtures. The fourth section

is "A criticism of the principles of continuous selection," and is a most effective

analysis of the bearing of Nilsson's work upon the question of the origin of

species by natural selection or by mutation. According to the author, the idea

of unit-characters has changed the whole point of view, and the theor>^ of mutation

is supported by the general occurrence of elementary species and their constancy,

by a comparison of the value of fluctuating variability and mutability among

cereals, and by the researches of Nilsson. He goes so far as fo claim that

"the victory of the theory of a saltatory origin of species can no longer be doubted."

The third general topic is "On corn breeding," and it is most interesting to

read the comments of a trained European plant breeder upon the methods of

breeding used in connection with this dominant cereal of the United States.

The real breeding of com began about ten years ago, with the discovery of the
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principle of single-ear selection, started by Hopkins of the University of TUinois.

The main difference in the breeding of corn and other cereals is that among the

latter cross-pollination is an exception, while with com it is the rule, and repeated

selection becomes necessary to eliminate the effects of previous crosses (not for

slow improvement, as commonly supposed). One catches glimpses of the

immense possibilities in breeding corn, as w^ell as the amateurishness of our

current methods.
F

The fourth topic is entitled *'The production of horticultural novelties by
Luther Burbank/' who has the misfortune of being both overestimated and
underestimated. No one is better equipjx^d than DeVries, through training and

temperament, to reach a true estimate, and hence this section of the volume is of

great interest. The topic is presented under four divisions, the first dealing with

"Methods and material." Burbank is described as "a man who devotes his

whole life and all his energies to the introduction and production of new, beauti-

ful, and useful horticultural plants," and who has rediscovered many of the prac-

tices more or less universally known in Europe. A special feature of his work

is the large scale on which his selections are made; and his main work consists

in the production of new horticultural varieties by crossing, getting combinations

of desirable qualities, and eliminating undesirable ones. The second section gives

details of the conspicuous "New varieties of fruits and flowers" originated by

Burbank, There is an analysis of the simpler methods of producing what are

called "new varieties" in horticulture, with illustrations from some of Burbank's

most notable achievements, so far as the author could get at the scientific side

of his performances by questioning. The general conclusion to be drawn from

his operations is that combinations of characters can be obtained by crosses in

almost any arbitrarily chosen direction or degree, but that new unit-characters

are probably never produced. The third section deals with "Hybridization

and selection" as practiced by Burbaxk. The aim of the hybridizer is to uj^set

the constancy of his plants and produce an extreme chaos of forms, from w^hich

his selections may be made. To get the real pedigree of any plant in this chaos

is impossible, and the hybridizer does not care, for he is only after the results.

Burbank is credited with ''a special gift of judgment" in his selections, but

his results are new combinations of characters and not the production of new

characters. All such practical hybridizing and selection "afford highly valuable

resources for theoretical discussion, but on single points they should not be

accepted as definite proofs, but only as indications for more circumscribed experf-

ments." The last section, entitled "Mutations in horticulture," shows that

most new horticultural varieties originate as "chance seedlings," many illustra-

tions from BuRBAXK^s work being used to show that it is the occasional "chance

plant" with some peculiar character that has been seized upon and propagated.

It would seem, therefore, that mutations in horticulture have been frequent.

The very important fifth topic is "The association of characters in plant

breeding," and it is presented in five sections. The first discusses "Association

of characters in nature," and shows that there is a regular coincidence of marks
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hitherto regarded as independent of one another, as the association of the color

and hairs of the lea\^s of the seedlings of common stock with double flowers;

of the characters of the foliage of the quince "with the qualities of the fruit; of the

form and hairiness of the scales of barley with the practical qualities of the grain.

The author believes that a discover}^ of the laws governing such ^^correlations"

may give us a certain amount of power over them that will prove of immense

practical and experimental importance. The second section illustrates ''Correla-

tions in agricultural breeding," and it is stated that ^'to the practical breeder it

shows the way in nearly all the burning questions, and for the scientist it may

give the solution of numerous problems which have eluded his evolutionary specu-

lations for more than half a century." The third section, entitled "A methodi-

cal study of correlations," describes in detail the remarkable system of records

developed at Svalof to keep track of all the marks and their associations. It is

called "a model of the combination of science and practice." The fourth section

deals with "Correlations in fluctuating variability," and is a theoretical discus-

sion of the influence of external life -conditions on the phenomena of correlation,

illustrations being taken from teratology and from agricultural plants. The

cause of this parallelism between different organs is seen in nutritive factors most

prominently, minor ones being temperature, moisture, light, etc.; and illustrations

are given to show how such factors would affect several regions simultaneously.

The last section deals with "Unit-characters," and is a most fundamental specula-

tion from the standpoint of evolution. Each organism is conceived of as a "micro-

cosm, consisting of thousands of elementary entities, which combine to give

it its form and function." These are the units which govern and control the

visible characters and qualities. The larger the number of common umts and the

smaller the number of different units, the greater will be the affinity. As to the

nature of a "unit," there are two points of view. They may be approached by

analyzing the visible characters and reducing them to independent groups; or

there may be some invisible, although material cause, which constitutes the real

source of each unit. There is no reason to assume that a unit should be limited

to one organ, to one tissue, or to one cell. A imit may show its acti\aty in different

organs, sometimes even in almost all parts of a plant. This explains correlations

and "has overwhelming importance in hybridism." Crosses give insight into

the nature of imit-characters, showing what marks belong together, and dividing

so-called characters into their constituent units. When one unit is added to or

subtracted from a well-known type, the result is a mutation. The author is

impressed with the idea that the study of correlations must be conducted on the

broadest possible lines^ and that in this direction we shall approach some definite

knowledge of evolution.

The last topic is "The geographical distribution of plants" and is chiefly

an expression of doubt as to the real value of the current ideas concerning the

,daptations For example, the current

view of desert plants is that they are "astonishingly specialized and adapted for

impossi " It is a natural
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inquiry, howeverj whether all these species are natives of the desert and have

acquired their special characters under the influence of their environment. ''Is

it the desert which has made them what they are, or are they perhaps only a selected

few from among the widely differentiated forms which arc everywhere abundant

on more favorable soils?" Present distribution is the result of migration, and

migration is directed by the given characters of the species. The qualities of

organisms are the causes, and the distribution is the result.

Altog:^ther, the book is full of pregnant suggestions, and should do much
toward clearing up some of the evident confusion concerning the views of the

distingviished author.—J. M. C.

Progressus Rei Botanicae

Genetics.—In the valuable series of botanical reviews published by the

Association Internationale des Botanistes under the title Progressus rei bolamcae,

Bateson^ traces the progress made in the study of heredity by the pedigree-

method since the rediscover)^ of Mendel's principles. For this discipline,

which has so rapidly advanced to a place of prominence among the biological

sciences, he proposes the name genetics.

The expressed object of the author, "to give an account of the progress

in the study of heredity and variation which has followed the rediscovery of

Mendel's work," has been carried out in a full and complete way, except for the

notable omission of all but a passing reference to biometrical work, which has

also made good progress during the same period, and which also belongs, at least

in large measure, in the field of genetics. This omission is evidently due to the

desire on the part of the author to avoid everjlhing of a controversial nat'.'.re.

The literature of Mendelian heredity is fully cited and discussed, and the bibliog-

raphy appended includes 140 titles. Certainly no one could have been selected

to present the side of genetics represented by Mendelian hybridization, who is

In position to speak with more authority than BateSOX, and this summary of the

literature to the early months of 1906 is of great value to all interested in the

general subject.—G. H. Shlt.l.

Immunity.—As an introduction to this part, by R. P. van Calcar/ the

fundamental principles of adaptability of plasmodia to rising concentrations of

glucose and the general influence of chemotaxis are discussed. The reactions

to toxic ferments by the cells of some plants, in consequence of which the cell

walls increase in thickness, are considered in the sense of self-defense or immunity.

Similar protective processes are described in reference to bacteria. From these

^neral considerations the author proceeds to the more complex subject of immun-

ity in the animal body. After briefly explaining the theory of phagocytosis of

Metchnikoff, the immensely important work on hemolysis is given its proper

2 Bateson, \V., The progress of genetics since the rediscovery of Mendel's papers.

Progressus rei botanicae 1:368-418. figs. 24. Vax Calcar, R. P, Die F.>rtsrhritte

der Inimunetats- und Specifitats-Lehre seit 1870- Idem, pp. 533-^4^ figs 20. Jena:

Gustav Fischer. 1907. M. x8 the volume.



152 BOTANICAL GAZETTE [august

place as opening up new fields of research in immunity. The specificity of the

phenomena accompanying the formation of agglutinins and precipitins is

brought to the attention of the reader, and their diagnostic value is discussed

pro and con. The crowning theory of immunity, Ehrlich's side -chain theory,

is then taken up at some length and its paints of contact with Metchntkoff's

theory brought to light.

The difficult task of discussing the important subject of immunity has

been ably executed and a large amount of information is given in this book. The

author has done justice to the various workers who have contributed to the develop-

ment of modem views, and has striven to bring into harmony to some extent the

opposing opinions of different factions. The subject is much condensed, in

some instances almost too much so, yet without seriously interfering with clearness

and conciseness. The volume is admirably suited for those students who wish

to obtain a general insight into the subject without going into detail. A complete

list of the literature enables the student to investigate any particular subject he

may be interested in.—P. G. Heixemann.

MINOR NOTICES
North American Uredineae.—In Part III of the first volume of this work,

HoLWAY^ continues his presentation of Puccinia in the order of hosts, concluding

Leguminosae and extending through Halorrhagidaceae. The species numbers

extend from 84 to 120, including three new species on Sidalcea, Viola, and Bois-

duvalia. The clear text and the excellent plates reproducing photomicrographs

of the spores make this monograph most attractive in appearance.—J. M. C
Acta Horti Bergiani.—The fourth volume of this series,'^ under the editor-

ship of WiTTROCK, is dedicated to the bicentenary of Linnaeus. It contains

seven papers, illustrated by 24 plates, many of them handsomely colored, and

176 text figures, and deals chiefly with forms under cultivation in the Bergian

garden. Veit B. Wittrock (pp. 32) gives an account of the life and work of

Linnaeus, illustrated by three portraits. H. Dahlstedt (pp. 2^. ph. 2. figs. 8)

gives an account of seven new species of Taraxacum under cultivation. Nils Syl-

ven (pp. 8. pi. i) describes two Senecio hybrids. S. Almquxst (pp. 88. pi. i.

figs. 84) describes numerous forms of Rosa, many of them called mutations.

Gust. O. A:n Malme (pp. 16. pis. 4) describes forms of Victoria cruziana.

Ernst Almquist (pp. 92. figs. 66) describes and illustrates a surprising number

of elementary species of Capsella Bursa-pastoris, Veit B. Wittrock (pp. 187.

pis. IJ. figs. 18) shows that Linnaea borealis is an exceedingly poljmorphic and

polychromic species, the latter fact appealing strikingly to the eye in the eight

handsomely colored double plates, nearly 150 new forms being described,—J. M. C.

3 HoLWAY, E. W. D., North American Uredineae. Vol. I, Part III. pis. 24-36

Minneapolis, Minn. 1907.

4 Kungl. Svenska Vctenskaps-Akademiens Tradgard Bergielund. Stockholm

1907
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NOTES FOR STUDENTS
f

Recent anatomical papers.—A very detailed account of the leaf structure of

^ • American Lauraceae has been given by Petzold,5 his purpose having been to

establish at least generic anatomical characters. The leaf structure, however,

proves to be quite uniform, and generic distinctions are not feasible. For

example, a concentric structure is characteristic of Silvia, but occurs also in a few

species of Phoebe and Nectandra; a hypoderm is developed in Cryptocarya and

Hufelandia, but also in some species of Ocotea, Persea, and other genera; a

closed sheath of stereome surrounds the veins constantly in some genera, but not

in others; crystals of calcium oxalate, otherwise so frequent in this family, do not

occur in Lindera and DicypelHum, but they are also absent in several species of

other genera. The paper is a welcome contribution to the knowledge of the

anatomy of these plants, even if no generic characterization seems possible.

The structure of leaves, seeds, and pollen of Polemoniaceae have been

examined by Huller,^ his material including a large number of American

species. It deserves mention that calcium oxalate was detected in certain

species of Collomia and Gilia as single cr}'Stals, and as druids in the monotypic

Bonplandia. The stomata were always observed to lack subsidiary cells, thus

» agreeing with the type of Ranunculaceae. Trichomes as covering-hairs and as

glandular hairs are very common, representing several characteristic forms. In the

^ midrib of Phlox Dnimmondii and various species of Gilia, the mestome strand

contains two or sometimes several groups of leptome.

In regard to the structure of the seed coat, Phlox is the only genus in which the

epidermis contains mucilage only in the outer wall beneath the cuticle. The

peculiar spirals of cellulose were noticed in most species of all genera except

Phlox. Inside the epidermis there are usually some strata of compressed tissue

and a pigment layer; but in Cobaea a fourth tissue was absent, namely, w^oody

parenchyma beneath the epidermis. The nutritive tissue, which is relatively

sparingly developed, contains oil and aleurone.

The pollen grains are globose or elliptic, and the exine is never smooth, but

covered with protuberances in the shape of ridges or granules in numberless

variations. There are always more than three germ-pores, from four to many,

and in some cases scattered irregularly over the surface. Although the author

had to depend upon dried specimens, the results are nevertheless quite interesting

and of importance to systematic anatomy. However, a study of fresh material,

including the stem and root, would be highly desirable.

Forty-three species of Meliosma (Sabiaceae) have been examined by

DiHM.' The palisade tissue is verj' characteristic in representing a modification

5 Petzold, v., Systematisch-anatomische Untersuchungen iiber die Laub-

blatter der amerikanischen Lauraceen. Bot. Jahrb. 38:445-474- I9^7-

^ HtJLLER, G., Beitrage zur vergleichenden Anatomic der Pulemoniaceen. Beih.

Bot. Centralbl. 21^:173-244. pL 8. figs, 25. 1907.

7 DiHXf, II., Das Blatt der Gattung Meliosma in anatumischer Hinsicht. Bcih-

Bot. Centralbl. 211:117-147. pis. 5-6, figs, 21. 1907.

*to



154 BOTANICAL GAZETTE [august

of HaberL-\xdt's "arm palisade parench)TTia," differing from it in the several

arms or branches being borne upon a larger basal cell. This peculiar modifica-

tion is called by the author "coralloid palisade parenchyma/' and is known only

in ^leliosma. The pneumatic tissue is often verj' open and passes insensibly

into the palisade tissue; and it appears as if the chlorenchmya might be com-

posed merely of pneumatic tissue modified somewhat on the upper face of the

leaf-blade. Calcium oxalate occurs in all the species of Meliosma, and mostly as

druids; globose conglomerations, however, w^ere also observed in some few

species.

—

Theo. HoLii.

Origin of the yeasts.—The problem of the autonomy of the group of Saccharo-

myces has been reopened by the researches of Viala and Pacottet.^ In two

ascomycetes, Gloeosporium ampelophagitm, the anthracnose of the grape, and

G. neruiseqiium, the anthracnose of the plane-tree, they have found a complex

polymorphism, the most striking feature of which is the presence of conidia

capable of budding in yeast-like fashion and of forming endospores in cysts,

hke yeasts, but w^hich are produced from the true ascomycete mycelium. Other

fungi, such as the ^Mucorineae, Ustilagineae, etc., bud in this fashion also, but

the formation of endospores was regarded by Hansen as a certain characteristic

of true yeasts. If these observations of Viala and Pacottet are correct, they

would seem to indicate that what are known as yeasts may only be forms of

polymorphic ascomycetes.

GuiLLiERMOND,^ in reviewing this work, grants that there may be such forms,

but strongly suspects that the cultures were impure and contained not only the

Gloeosporium but also a yeast living with it. The most experienced observers

have been led into errors from this same cause. In defense of the autonomy of the

Saccharomycetes and at the same time of the interpretation of the cyst producing

endospores as an ascus, Guiluermond'^ gives a general review of the yeast

situation. The extended work of Hansen and his students has made it highly

improbable that our industrial yeasts could ever revert to the mycelial condition,

that is, their characters have become so fixed that now they form an independent

and distinct group of the ascomycetes. The conjugations in such yeasts as

Zygosaccharomyces Barkeri and Schizosaccharomyces odosporus, as they have been

observed by Barker^^ and Guilliermond, is the strongest reason for consider-

ing the resulting product as an ascus. This conjugation, with its fusion of nuclei

and subsequent division into endospores, is regarded by Guilliermond as the

equivalent of the fusion of the two nuclei in the ascus and the formation of asco-

spores. It is true that a majority of the yeasts do not show this conjugation, but

s Viala et Pacottet, Compt. Rend. Acad. Sci. Paris 142:458-461. 1906.

9 Guilliermond, A., A propos de Torigine des le\^res. Ann. Mycol. 5:49-69

1907.

10 Guilliermond, A., Rev. Gen. Bot. 17^337-376 pis 6-g 1905.

" Barker, Phil. Trans. Roy. Soc. London B. 194:467-485. pi. 46. 1901
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this may be due to the fact that they have become parthenogenetic. The con-

jugation observed in Saccharornycodes Ludmgii by Guilliekmond, where the

t endospores conjugate before germination, may be only a secondary development

introduced into parthenogenetic forms as a means of recuperation. ''The exist-

ence of the conjugation preceding sporulation, coupled with the cytological char-

acter of the sporange, demonstrate in an evident manner the ascogenous nature

of this organ, and one ought to consider with Hansen that the Saccharomyces con-

stitute an autonomous group belonging to the Ascomycetes and near to the

Exoascaceae.'*—B. F. Lutman.

Heredity in microHjrganisms.—Working with the yeast Saccharomyces anomaJus

and the bacteria 5. coli-commtinisj B, typhosus, and B. megatherium^ Barber'^

has extended the investigations of Hanson, Beijerinck, Conn, Mayer, and

others on such variation as may arise spontaneously from cells which vary inde-

pendently of environment. The cells chosen were those showing a morphological

difference from the parent, and the new races of descendants were tested further

for biochemical differences. The problem of isolation was thus a much more

difficult one than that of selection of bacterial "sports" in mass with physiological

differences, such as that of a white colony among red pigmented oxiq^. Barber
devised and describes an ingenious method for isolating single varying cells

from a hanging drop under the microscope by means of a capillary tube, with

apparatus for holding and adjusting it under the lens. A single, cell drawn into

this could be discharged into another hanging drop, placed in a sealed moist

chamber, and its development and descendants watched for as many generations

as necessary- With the yeast Barber obtained in this way new races whose

morphological characters (large, long cells) persisted over three years, such a new.

race successfully competing with the parent stock when mixed with it in culture.

Attempts to further modify the race by selection failed. Much the same results

were obtained with the bacteria. These varieties were true mutations, appearing

suddenly wdth full-fledged characters, apparently independent of natural selection

and comparable wdth sports among multicellular organisms. If physiological

characters are correlated w^ith morphological, as in the case of increased pr)wer of

fermentation of one of Barber's races of B. coli, it seems probable that mutation

may be a factor in the ori^n of increased virulence of some pathogenic bacteria,

—

Mary Hefferan.

Position of the nucleus.---Kuster^-' has made a rather extensive series of

observations upon the relation between the position of the nucleus and cell growth

and the formation of membranes. His conclusions differ from those of Haber-

landt, especially in reference to the position of the nucleus in root hairs and

stomatal apparatus, and in cells undergoing local thickenings of the cell wall.

12 Barber, Marshall A., On heredity in certain micro-organisms. Kansas

Univ. Sci. Bull. 4:3-48. pis, z--/. 1907.

13 Kt;sTER, Erxst, Ueber die Be^iehungen der Lage der Zellkcmcs zw Zellcn-

wachstum und Membranbildung, Flora 97:1-23. 1907.
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While KvsTER confirms Haberl.\ndt's obsen^ations that the nucleus is usually

near the tip of the rhizoid in many plants, he finds that in Hydrocharis morsus-

ranae, and in many other plants of similar habitat, the nucleus is Just as constantly

at the base of the root hair. The suggestion is made that the position of the

nucleus in root hairs may be a result of growth rather than a cause of it, or the

position may be due to unknown factors.

In regard to the position of nuclei in the stomatal apparatus, Kuster is

inclined to believe that the position of the nuclei of the neighboring cells is not

related to the development of the guard cells, but rather that the position near

the concave wall is due to physical factors which favor or compel this position.

In many plants, like Osmundaregalis, when the neighboring cells are not crescent-

shaped, the nuclei are not situated near the walls.

Although Kuster agrees with Haberlandt that the nucleus is often found

at the place where local thickenings of the cell wall are taking place, he also finds

other instances where the nucleus is not so situated.

In these three classes of phenomena, Kuster regards HABERLA>rDT's explana-

tions as teleological. He himself, however, is not able to find a satisfactory

explanation for the varying position of nuclei and he believes that the factors

which determine it have not yet been discovered.

—

Charles J.
Chamberlain".

w

Items of taxonomic interest.—J, N. Rose (Smithson. Quarterly 50^32-

1907) has made additions to his synopsis of the Mexican species of Ribes and

has described a new species; has proposed, in connection with J. H. Painter

{idem 33-34), the new generic name Morkillia for Chitonia M05. and Sesse

(Zygophyllaceae), which is a homonym of Chitonia D. Don.; and has described

{idem 63-64. pi, 6) a new Cactus from Guatemala, a species of the Melocactus

N. Patoijillard

(Bull. Soc. Mycol. France 23:50-52. 1907) has described a new genus {Le

Ratio) of hymenogasters from New Caledonia.—H. Harms (Bot. Jahrb, 40: 15-44-

1907), in his fourth paper on African Leguminosae, has described a new

genus, Englerodendron.—R, Hamet (Bull. Soc. Bot. France 54:26-38, 52-76.

pL 2. 1907) has published a synopsis of the genus Drosera, recognizing 65 species,

setting aside 4 as insufficiently known, and excluding 7.—S, Brown (Torreya

7:125, 126. 1907) has described a new spruce {Picea alberiiana) from the Canad-

ian Rocky Mts., which had been referred to both P. canadensis and P. mariana,

A, Zahlbruckner (Ann. K. K. Naturh. Hofmus. 20:350. 1907), in centuries

xii and xiii of his Kryptogamae exsiccatae, publishes a new lichen {Rinodina

iowensis) from granite rocks near Fayette, Iowa,—J. M. C.

Vegetation in Somerset, England.—Following the lead of the late Robert
Smith, vegetation maps are multiplying in England. The latest is that of the

Bath and Brideewater district of Somerset, and is the work of C. E. Moss.^^

proposes

14 Moss, C. E., Geographical distribution of vegetation in Somerset: Bath and

Bridgewater District. Publ. Roy. Geog. Soc. London." pp. 71. figs. 24. colored map.

1907.



1907] CURRENT LITERATURE 157

The lowlands area is presented under the following formations: dune, muddy
salt marshj rocky headlands, aquatic, and peat moor. The section given to a

t . consideration of the upland area contains an account of the plant formations of

the sandstones, the limestones, the deep marls and clays, and the region of culti-

vation. The history of the plant formations is traced, it being shown that a

plant formation begins as an open or unstable association, passes through inter-

mediate associations, and eventually becomes a closed or stable association. . For

example, the dune formation in this region begins as an open association, either

of strand plants, or of Agropyron jiincetim, or of Ammophila arundinacca, and

only reaches the intermediate associations of dune pasture plants or of dune marsh

plants. The formation of the muddy salt marshes begins as an open association

of Salicornia, and, after reaching an intermediate association of halophilous plants,

the salt marshes are reclaimed. The author concludes that in a small area, like

England, the plant associations are determined much more by edaphic factors

than by climatic conditions.—J. M. C.

Toxicity of solutions,—To determine if the fact discovered by Nageu, that

insoluble solid substances placed in poisonous solutions in which algae are grow-

ing reduce the toxicity of the solutions, holds also for fungi, Miss Fitch'^ has

investigated the action of insoluble substances upon media in which fungi were

grown. Penicillium and Aspergillus were grown in pure cultures in beet decoction,

in prune decoction, and in bouillon to which sulfuric acid had been added, making

concentrations of w/4, m/8, «/i6, w/32, w/64, and n/i2S, It was found that such

substances as glass in different degrees of fineness, sand, and filter paper reduce the

degree of toxicity of the poisonous solutions. For example, in cultures of Aspergil-

lus in beet decoction, n/64 and w/128 H2SO4 showed stimulation, while w/32 was

near the border line of be^nning toxicity; but with the addition of glass n/^2

showed the greatest stimulation of growth of the series, and a concentration as high

as n/16 still showed marked stimulation. All other experiments showed results

of the same nature, thus establishing the fact that the principle of Nageli holds

in this case, as it has been shown to hold for flowering plants. Such results were

to be expected, since the modifying action of the solid substances is exerted on

the solution and not on the organisms growing therein.—H. Hassklhring.

Glycogen and sporulation in yeast,

—

Kohl'* finds that glycogen is more

abundant in actively budding cells of Saccharomyces cerevisiae which he examined

than it is in the resting cells. In view of this fact he believes that glycogen is net

exclusively a reserve product, but that it represents an ii

the formation of alcohol from sugar. He suggests that glycogen is broken down

to glucose and isomaltose, which undergo splitting into alcohol and CO3 by the

action of zymase, and that the hexoses consequently first undergo transformadon

* 5 Fitch, Rvby, The action of insoluble substances in modifying the effect of

deleterious agents upon the fungi. Ann. Mycol. 4:313-322. 1906.

^^ Kohl, F. G., Ueber das Glykogen und einige Ersthcinungen bei der Sporula-

tion der Hefe. Ber. Deutsch. But. Gesells, 25:74-85. pi I- figs- 2. 1907.
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fermentation. In other fungi also

find

in the spores of the Mucorales nor in sclerotia until germination or growth has i

gun. In I

sporulation in yeast. The young spores are frequently surrounded by fatty

substances in the early stages of formation. The nucleus divides amitotically

both in budding and in spore formation, and one to four spores are formed.

In the first case the cell nucleus becomes the spore nucleus directly. Often a

nucleus which does not produce a spore remains in the cytoplasm of the mother

cell after the spores are formed.—H. Hasselbring.

Supernumerary pollen grains of Fuchsia.

—

Beer'^ has investigated Fuchsia,
^

whose pollen mother cells are recorded as producing five to fourteen micro-

spores. He found frequently six to ten microspores within a single cell, and a

study of the nuclear divisions led to the conclusion that these high numbers are

due to the occurrence of irregularities in the distribution of the chromosomes during

anaphase, as described by Juel for Hemerocallis. The chromosomes move very

unevenly toward the poles, and some, either singly or in groups, lag behind and

often become cut off entirely from the two main chromosome groups. Usually

these separated chromosomes give rise to distinct nuclei, which vary in size accord- i

ing to the number of chromosomes they contain. During the second division the I

small as well as the large nuclei produce distinct spindles and divide. The ^

second division is much more regular than the first, and no supernumerary nuclei

were obser\'ed to originate at this stage. The small pollen grains are as definitely .

organized as the large ones, so far as the usual walls and their composition are

concerned.—J. M. C.

Embryo sac of Peperomia.

—

^Johnson^^ has discovered in a delicate, shade-

loving, Jamaican species of PeperomJa (P. hispidula) an interesting variation of

the well-known situation in P. felhtdda. There is a single hypodermal arche-

sporial cell, which cuts off a tapetal cell. The mother cell develops the embryo

sac directly, the first four free nuclei being "arranged in a perfect tetrad.'* At

the next division a distinct polarity is developed, two nuclei passing to the micropy-

lar end of the sac, and the other six grouping at the antipodal end. At the next

division the Peperomia condition of sixteen free nuclei is reached, four being

micropylar and twelve antipodal. A well-defined egg and one synergid are

organized, the two remaining micropylar nuclei passing toward the center of the

sac, where they encounter the twelve antipodal nuclei. The whole group of

fourteen nuclei fuses into one great fusion nucleus. The division of this fusion

nucleus is accompanied by wall-formation, and an endosperm tissue of about

forty cells is developed.—J. M. C.

*7 Beer, Rudolf, The supernumerary pollen grai|is of Fuchsia. Annals of

Botany 21:305-307, 1907.

*8 Johnson, D. S., A new type of embryo sac in Peperomia. Johns Hopkins
Univ. Circ. 1907: no. 3. 19-21. ph. 5~6.
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Influence of external conditions on geotropic response.—A timely paper by
Bach^^ records some valuable conclusions, of which perhaps the most important

is that the length of the reaction time cannot be used as a measure of the amount
of stimulation. The minimum presentation time found in a variety of species

was two minutes^ as compared wath fifteen minutes found by Czapek. Czapek's
figure has thus far been w^idely accepted, but the lower values of the author are

apparently good. The length of the plant is a factor if the plant is less than

medium, in which case the reaction-time is lengthened. Temperature is a potent

factor, even variations of 14-35°. Such variations have been regarded by Czapek
as impotent, but the opinion was based on the behavior of different material.

Either regular or irregular shaking are indifferent factors. Other important con-

ditions tried were duration of stimulation, centrifugal force, positional deviations.

The paper shows the guiding hand of Fittixg, whose service is acknowledged.

Raymond H. Pond.

Young sporophytes of Lycopodium.—Miss WrGGLESWORTH^'=' has investi-

gated the structure of sporelings of L. complanatum and L, clavatum, the material

being obtained from Dr. Bruchmann and consisting of tw^o sporophytes of each

species. The first root may show monarch, diarch, and triarch arrangement in

the same plantlet, the phloem occupying the center of the stele and extending

between the xylem groups to its periphery. The roots arise endogenously near

the apex of the stem and either pass out directly or downward through the cortex.

At the base of the stem the vascular strands are continuous with those of the first

root, and a fusion of two or of all three of the xylem strands occurs. The xylem

strands take a very irregular course, fusing with one another and subdividing in

the lower part of the stem. The upper part of the stem shows a triarch or tetrarch

arrangement of xylem with central metaxylem, generally connected with two or

more groups of protoxylem.—J. M. C.

Embryology of Rhytidophyllum.—CooK^' has investigated the embryology

of Rhytidophyllum {R. crenulatum and R. tomentosiim), a genus of Gesneriaceae,

the material being Cuban. The ovulate archesporium is a single hypodermal

cell, which usually functions directly as a megaspore. The embryogeny is of

the well-known Capsella type, differing only in certain features of dermatogen-

formation and in the contributions of the hypophysis. The embrj^o encroaches

upon both endosperm and nucellus, and in the mature seed is invested only by

the integuments.—J. M. C.

^9 Bach, Heixrich, Ueber die Abhiingigkeit der geotropischen Prasentations-

und Reaktionszeit von verschiedenen ausseren Faktoren. Jahrb. Wiss. Bot. 44:57-

123. 1907.

^^ WiGGLESWORTH, Grace, The }oung sporoph}^es of Lycopodium complanatum

and Lycopodium clavatum. Annals of Botany 21:211-234. pL 22. 1907-

=^' CoOK, Melville T., The embryology of Rhytidophyllum. Bull. Torr. Bot.

Club 34:179-184. pL 10. 1907.
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NEWS
Professor F. H. Billings of the Louisiana State University has been

appointed assistant professor of Botany in the University of Kansas.

A SHORT SKETCH of the late Maxwell T. Masters, with portrait, written by

James Britten, is published in Journal of Botany 45 = 257-258. 1907.

Dr. E, B. Copelaxd declined the announced appointment at the University

of West Virginia and immediately returned to his post in the Philippines.

Professor Francis E. Lloyb has been appointed chief botanist to the

Intercontinental Rubber Company. Professor Lloyd's address will for the

present be Torreon,

Dr. Hermann von Schrenk has resigned from the U. S. Department of

Agriculture, and has opened an office as consulting timber engineer at St. Louis.

He has been appointed also pathologist of the Missouri Botanical Garden.

It is proposed to erect a memorial to the late Professor Leo Errera of the

University of Brussels. American botanists who wish to contribute are requested

to send their subscriptions to M, J

Dr. Fritz Noll, professor of botany in the Agricultural College at Poppels-

dorf and assistant professor of botany in the University of Bonn, has been

appointed professor of botany and director of the botanic garden at the

University of Halle.

A NEW quarterly journal has been announced by Williams and Norgate

(14, Henrietta Street, Convent Garden, London W. C), bearing the name Rivista

di Scienza. It is to be "an international review of scientific synthesis," the desire

being *4o coordinate the work carried on in different fields of knowledge." It

will be issued in two editions: an international edition, in which each article will

appear in the language of the author; and an Italian edition, in which the German
and English articles will be translated. In the list of writers for the first numbers

the names of the following botanists appear: Darwin, Haberlandt, Pirotta,

Solla, Wettstein, and Wiesxer. The subscription price is 20 shillings.
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Edited by ERNEST R. DEWSNUP
A score of prominent railway ofRcials have contributed to

this volume the condensed results of their experience.

Eminently practical and thoroughly readable, the book
occupies a unique position as a manual of railroad business.

It is equally adapted to university classes and to the needs
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Women's Work and Wages.

By Edward Cadbury, M.

Cecile Matheson, and

George Shann, M.A.,
F.R.G.S. With an Intro-

duction by Sophonisba P.

Breckinridge.

383 pp., 8vo, cloth; «<f^ Si. 50, postpaid $1.61.

J

This is a minute, scientific invest-

igation of the lives of working women
in an English manufacturing district.

In a most interesting style, the auth-

ors describe the work, wages, honae

life, recreation, girls' clubs, trade

unions, wages boards, etc. The final

chapter indicates the direction which

the efforts of the reformers should

take.
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Dramatic Traditions

the Darl( Ages

By JOSEPH S. TUN/SON

HIS book will be of deep interest

to the following classes of lettered

persons: actors, because it deals

with something of stage technique;

dramatists, because it raises the question
of the definition of the drama; literary

historians, because the author has
strayed beyond conventional limits; gen-
eral historians, because he has tried

openly to subvert received opinions as
to the first half of the mediaeval period;

the regular critics of the stage, because
he has sought dramatic traditions out of

the theater as well as within; Greek and
Latin classicists, because their attention

is called to very good readirig in a period

of decadence; Romanticists, because the

author is skeptical of all pretenses to

originality; ecclesiastics, because the

chapter of the theater in the history of

the church is one they have neglected;

general readers and amateur students of

the drama, because they will find novel-

ties, and novelties are always of interest.

The book is written with the candid in-

tent of concentrating scattered facts

upon lines leading to a rational hypothe-
sis respecting an important period in

history. It gleans, if it does not reap, a

neglected field. It can hardly fail to

stimulate investigation in the mediaeval
drama, and it opens up the rich, almost
forgotten realm of Byzantine literature.

Its most vital purpose will be served, if

it wakes men of letters of all ranks to

the fact that they have missed something.

CONDENSED TABLE OF CONTENTS
Chapter I, Traditions Due to the Wi.r Between

Church and Theater
Chapter II, Traditions of Dramatic Impulses in

Religion
Chapter III, Eastern Traditions and Western Devel-

opment
Chapter IV. Traditions by Way of Ancient and

Mediaeval Italy

jjo pages, i2mo^ cloth. Net jf/.^j

Postpaid $1,^6

ADDRESS DEPT. P

THE UNIVERSITY or CHICAGO PRESS
CHICAGO NEW YORK
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420 pages, Svo, cloth; net |i oo, postpaid $2.17
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THE STRUCTURE AND RELATIONSHIPS OF THE POTA-
MOGETONACEAE AND ALLIED FAMILIES^

MiNTIN ASBURY CHRYSLER

(with plates xiv-xviii)

In the alluring search for primitive monocotyledons which shall

throw light on the vexed question of the origin of the group, the Helo-

biae have received much attention, including as they do such a wide

range of forms, reaching from great simplicity to considerable com-

plexity. It is generally agreed that those monocotyledons which

possess a stocky rhizome or bulb have reached a degree of specializa-

tion which renders them less favorable for a study of primitive feat-

ures than are the forms which have a more elongated axis showing

distinct nodes and internodes. The Potamogetonaceae are prevail-

ingly of the latter class, and the genus Potamogcton has been con-

sidered by ScHENCK (27) and others to represent a number of stages

in the evolution of aquatic monocotyledons from ancestors which

inhabited marshy ground. It has been more than once suggested

that the monocotyledons have been derived from dicotyledonous ances-

tors through adaptation to an amphibious mode of life, so that the

genus Potamogeton deserves study from all standpoints. A quite

different view of the origin of monocotyledons has been proposed by

Campbell (3), who seeks to link the group with heterosporous Fili-

cineae, especially Isoetaceae, through such forms as Naias.

It is proposed in the present paper to discuss certain features of

the structure of Potamogeton which have apparently been overlooked,

I Contributions fTOm the Phanerogamic Laboratories of Harvard University,

No. 9.

161
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but which seem to be significant from the standpoint of phylogeny;

also to bring together the salient points concerning the structure of

the other genera of the family, so that if possible their relationships

may be worked out. A few genera belonging to allied families have

been included in the account.

I wish here to record my obligations to the following, who have

very kindly supplied me with material: Professors G. F. Atkinson

Mr

J

North Carolina Experiment Station, Mr. A. Jeffrey of TorontOj Dr.

R. G. Leavitt and ]\Ir. A. A. Eaton of the Ames Botanical Labora-
m

tory, Mr. C. P. Smith of Carmel Bay, Cal., and especially to Professor

M. L. Fernald of the Gray Herbarium, ,who has been kind enough

to determine most of the species employed in the research.

Potamogetonaceae

In this family the following genera have been accessible for study

from presen-ed material: Potamogeton (thirteen species), Ruppia,

Zostera, Phyllospadix, Cymodocea, Zannichellia. Celloidin was

found to be the most favorable imbedding material for all except the

smallest forms, for which paraffin was used. Serial sections through

the nodes and other critical regions were in all cases studied.

POTAMOGETON

The LEAFY SHOOT.—The mode of origin of this member has been

carefully worked out by Irmisch (12), who distinguishes between

main shoots and reserv^e shoots. The internal structure of the upper

internodes of such shoots varies somewhat widely in the different

species, and upon the basis of the characteristics as revealed by a

cross-section, together with the leaf structure, Raunkiaer (21) has

proposed a classification of the species and devised a convenient key.

The differences between the species consist in the presence or absence

of cortical bundles, and in the degree of union of the strands which

compose the vascular part of the central cylinder. Fig. 11 shows at

ma
upper nodes of the leafy shoots. At the upper side of the figure is the

section of the petiole with its median and lateral traces. Below this
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arc the two fused stipules, sheathing the stem; their main bundles are

barely visible at this magnification, but are situated at the angular

swellings. Between the stipules and the stem is an axillary bud. The
stem shows the lacunar cortex characteristic of aquatics, and a well-

developed central cylinder. Fig. ij shows certain of these features

more clearly, and also makes visible the numerous cortical strands

which lie in the angles of the meshes.

Since the course of the leaf traces furnishes a key to the structure

of the internodal stele, it is proposed to describe the course of the

bundles in a wxll-developcd species, P. natans. Stated briefly, the

seven or more leaf traces shown in fig. 11 fuse to form three, which

enter the central cylinder, pass down through one internode sepa-

rately at the periphery of the central cylinder (see DeBary 7, p. 270.),

then approach one another, pass down through a second internode in

the form of w^hat may be styled a "trio" of bundles, and at the third

node become indistinguishable on account of union with the bundles

of the central cylinder. Since the leaves are arranged alternately in

two vertical rows, there are two groups of leaf trace bundles in the

cross-section of any internode. This is illustrated in fig. 14, which

will be rendered clear by the following diagram (fig. i), in which

tiy T^y /j represent the traces of the next

higher leaf, /^, T^, t^ those of the second

higher leaf, while the remaining bundles are

those which are styled by DeBary cauline,

since they do not lead directly to any leaf.

Although the petiole contains seven or more

bundles, as shown in fig. 11, they enter the

central cylinder as three, since the lateral

bundles on each side fuse with one another. On each side this fusion

bundle is joined also by the median bundle of the stipule of that side.

An anastomosing branch may be sent to the median leaf trace. The

bundles at the base of the petiole, like those of the internode, are

devoid of xylem, but a lacuna represents the absent vessels, and shows

that the bundle is collateral. As the bundle enters the cortex of the

stem, ringed vessels or tracheids make their appearance, and the

bundle becomes somewhat swollen and almost amphivasal, owing to

increase in the number of tracheids which come more and more nearly

Fig. 1
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to surround the phloem, thus recalling the condition found by the

writer in grasses (6)^ where^ however, the appearance is more pro-

nounced. With the three foliar traces groups of mechanical fibers

enter the central cylinder. After anastomosing with other bundles

present at the node, the three lose their xylem and proceed downward

at the periphery of the stele, occupying the middle region of three

contiguous sides of the roughly oblong section of the stele (fig. 14).

At the next node they enlarge, move toward the center of the stele,

and the xylem again appears, first at the inner side of each bundle,

filling the cavity, thence spreading around the phloem, so far as to

render the bundle almost or quite amphivasal {fig. ij); the tw^o

lateral ones anastomose wnth other bundles, then the three approach,

including between them an island of parenchyma which is surrounded

by the xylem of the bundles. The xylem again disappears, as does

also the island of parenchyma, which is replaced by a cavity w^hich

persists through the succeeding internode. Thus the " trio " is formed

and descends to the next node, where tracheids appear once more,

first around the cavity, and thence spreading around the bundles

until the two lateral ones become amphivasal. At the same time the

three bundles enlarge, the two lateral ones fuse, then separate, and all

three join other bundles of the nodal complex, such as those of the

axillary branch which enters at this level. Both the petiole and the

fused stipules contain many small bundles consisting of fibers or of

thin-walled cells or of both. These bundles descend into the cortex

of the stem, some of them fusing wdth similar bundles of that region

derived from petioles and stipules of higher leaves. In this way
apparently arise the very numerous cortical strands characteristic of

this species, and it may be stated in general that those species which

possess a cortical system derive it from the petioles and stipules.
:

ih

Two points in the foregoing account seem w^orthy of emphasis,

namely, the presence of amphivasal bundles wherever the leaf trace

bundles are about to fuse with other bundles, and the very different

course pursued by the leaf traces from that which is seen in most i

monocotyledons. < 1

Concerning the insertion of branches it should be noted that the

phloem of the bundles shows a remarkable enlargement just before

joiningjthe stele of the main stem, as is shown in fig, 12. The elements |
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of the phloem at this point are narrow cells with very thin walls, quite

unlike the well-marked sieve tubes which are seen in other parts of

the stem. Such bundles are frequently seen to be amphivasal just

before they are inserted on bundles of the main stele. Species with an

axial cylinder like P. natans are: P, perjolialiiSj P. NiitlaUH^ P,

praelongus, etc.

P. natans has been chosen for the foregoing description, not because

it presents the most primitive structure of any of the species, but

because the vascular tissues are well developed, probably on account of

the transpiration from the numerous and large floating leaves, What

seems to be a more primitive disposition of the vascular bundles of

the central cylinder is seen in P. pulcher (fig. ip), also a form with

some floating leaves, but with broad submerged leaves instead of the
.

phyllodes of P. natans. The course of the leaf trace bundles in P.

pulcher resembles that already described, with the noticeable differ-

ence that the three bundles do not unite to form a ''trio, " but merely

approach one another in the medulla of the second intcrnode after the

insertion of the leaf, giving the appearance shown in cross-section

(fig. 20). A diagram (fig. 2) will make clear the topography of the

central cylinder: as before, /j, T^, t^ repre-

sent the traces of the next higher leaf; Z^?

Pa, t^ those of the second higher leaf; while

the remaining bundles are cauline. As in

the former species, amphivasal bundles

occur at the nodes when two bundles are

about to fuse. In spite of the liberal size
^^^ ^

of the leaves, and the fact that some of

them float, no cortical bundles are present in the stem (fig. ig).

Numerous smafl bundles are present in the stipules, but they turn

abruptly inward and enter the central cylinder, while the median

bundle of each stipule as usual Joins the lateral leaf trace.

The two species already considered represent two types of central

cylinder found in the genus. They are evidently closely related, and

the natans type may evidently be regarded as derived from the pulcher

type by the partial fusion of the three leaf traces during their descent

through the central cylinder. At least two other types may be dis-

tinguished, in one of which the bundles of the central cylinder have
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Fig. 3

further fused so as to form three more or less clearly separated areas,

as IS shown in the photograph of P. crispus (fig. 28) and in fig. 3,

^ij ^2J ^2? h of the preceding diagrams have united to form the central

area, while the remaining bundles form the lateral regions. T^ may

be distinguished from T^ by the double

lacuna of the central area. As usual, three

(or sometimes five) leaf trace bundles enter

the central cylinder, the large median one

joining the central area, and the laterals,

each composed as usual of bundles from the

petiole and one from the stipule of that side,

join the lateral areas of the central cylinder, DeBary (7, p. 274)

gives a singularly misleading description and inaccurate diagrams

of this species, owing probably to the crudity of his methods of

investigation. Schenck (28, p. 41) has given a correct interpretation

of the appearances presented by a cross-section, and I have con-

firmed his statements by series of sections through the nodes. P-

crispus is no more an ''anomalous monocotvledon" (DeBary) than

are the other species of Potamogeton, since, as shown above, its vas-

cular system can be easily derived from that of P. pulcher.

A further reduction or fusion of the vascular elements is shown in

the species of which P. pectinatus {fig. 18) may be taken as the type.

In the internodes the xylem is represented only by a central cavity

surrounded by parenchyma and phloem, but at the nodes a division

of the stele into three areas is more or less plain. The last fact sug-

gests that the condition found in this species has been derived from

that seen in P. crispus, since ancestral characters are apt to persist at

the nodes.

from
stipules show^s great variation in the different species, (i) They
may descend into the cortex of the succeeding internode, constituting

the usually numerous cortical bundles of a number of species, e.'g., P.

natans, eventually joining others of the same kind, or finding their

way into the central cylinder at a lower node. (2) They may descend

a short distance into the cortex, then disappear, while a short distance

below the node other strands make their appearance in the cortex^

to disappear before the next node is reached, e. g., P. RohhinsiL

!



1907] CHRYSLER—POTAMOGETONACEAE 167

(3) They may (with the exception of the central bundle of each stipule,

which joins a lateral leaf trace) disappear soon after entering the

cortex, leaving the stem without cortical bundles^ e. g., P. crispus.

(4) They may enter the central cylinder immediately, like the leaf

traces, leaving the stem devoid of cortical bundles, e, g., P. jnikher.

To this should be added the peculiar case of P. NuttaUii {fig. 5), in

the upper leaves of which the median bundle of each stipule fuses with

the neighboring lateral leaf trace bundle, and from the fusion is given

off a strand which descends into the cortex. The cortical bundles of

this species arc not numerous (six to eight), and form a complex

anastomosis with the central cylinder at the level of the lower part of

the node. In general it may be stated that when a species possesses

cortical bundles they arc derived from the small bundles of the petiole
r

and stipules. This view is confirmed by the fact that such bundles

are universally present in the petioles and stipules, even when they are

absent from the stem. As to composition, the cortical bundles range

from complete collateral bundles to mere groups of a few fibers, and

moreover the character of a bundle may change greatly in its course,

being composed mostly or altogether of phloem at one level and only

of fibers at a slightly different level, Schenck (28, pp. 48, 54) is of

the opinion, and my observations confirm his view, that all these

strands represent real fibrovascular bundles, which share in the

reduction shown by the vascular tissues of the central cylinder.

The extent to which mechanical tissue is present is, according to

ScHWTENDENER (30), dependent on whether the plant grows in still or

in running water. But different species occupying a similar habitat

may differ widely in respect to the presence of mechanical tissues;

for example, P. natans is abundantly provided with cortical strands,

while P. pulcher entirely lacks them, yet both are inhabitants of ponds,

and both possess floating leaves. Judging from over forty species for

which data are available, there is no relation between the presence of

cortical bundles and a totally submersed or a partly floating habit.

Neither can a relation be established between size of leaf or stem and

presence or absence of cortical bundles- That these strands are not

primitive structures, but have arisen in connection with the mechanical

necessities of the leaves and stipules is indicated by three facts, (i)

In the creeping stem, which has rudimentar}' sheathing leaves devoid
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of Stipules, the small cortical strands are few and wanting, even in

species which possess them abundantly in the leafy shoot. (2) As

will be pointed out later, in P. naians, P. Nuttalliij etc., the cortical

strands spread upward into the peduncle, but fuse with the strands

of the vascular ring (see below) or fade away soon after reaching

the fertile part of the axis, (3) As stated above, small bundles are of

constant occurrence in the petioles and stipules, even if the stem is

free from them.

The creeping stem.—According to Irmisch (12), this does not

represent the main stem, but certain lateral members of the extensively

branched system. The structure differs in several noteworthy respects

from that of the leafy stem. The central cylinder is flattened in

accordance with the dorsiventral nature of the stem, as is seen in the

piilcher {fig

(fig

somewhat masked by the large size of a dorsal and a ventral bundle.

These two bundles may meet in the center of the stele in case the stem
I

is much flattened. All of these are cauline strands, whose disposition

is practically unaffected by the entrance of the insignificant leaf traces

from the thin deciduous scale leaves. Hence there is no ^'trio" of

bundles, and the disturbing elements are branches, not leaves. Con- ^
sidering a node lacking a branch, the large dorsal and ventral bundles

are seen in a series of sections to pass through the node sometimes

without anastomosis with other bundles; they swerv-e slightly toward

the middle of the stele, while the lateral bundles partly close the gaps

thus left in the vascular ring, and give off roots on all sides of the stele.

In case a branch is present at a node, the dorsal and ventral bundles

much
oem (fig

am
vasal bundles. These anastomose with peripheral bundles of the

stele and with the bundles of the branch which enter at this point.

The bundles at the base of the branch likewise show a greatly swollen

phloem, which is a conspicuous feature in the figure. It will be

recalled that owing to the distichous arrangement of the leaves, the

ascending stem shows two bundles on opposite sides of the central

cvlinder, which bundles are the median traces of the two next hisher

4

i

4

I
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leaves. In the creeping stem, however, the two opposite bundles are

seen from the foregoing to be connected with the origin of branches.

As in the leafy shoot, vessels are present only at the nodes, and are

represented by a cavity elsewhere. The endodermis is plain, of

U"form, and suberised. Fig. i6^ representing the creeping stem of P.

natans, which should be compared with fig. ij, shows another point

of difference between the creeping and the leafy stem. While cortical

bundles are abundant in the latter, they are much scarcer or absent

in the former^ owing apparently to poor development of leaves and the

absence of stipules. In case cortical bundles are absent in the leafy

shoot, they are lacking also in the creeping stem, as may be seen from

the figures of P. pulcher. In accordance with the sheathing char-

acter of the reduced leaves, the leaf traces enter the central cylinder

j
separately, as may be well seen in P. perjoliatus or P. heterophylluSy

which have better developed basal leaves than has P. pulcher,

f The floral axis.—Schenck (28) and others have not failed to

notice that the peduncle has a different disposition of bundles from

that in the leafy shoot, but the earlier observers have apparently over-

looked the regularity in the arrangement of the bundles. Fig. 23

shows the appearance of a section through the fertile part of the floral

axis of P. natans. The arrangement is evidently circular, and the

bundles are collateral. Branches leading to the flowers do not have a

gap above their point of exit, but spring from one bundle or from two

adjoining bundles. Well-developed tracheary tissue is present in

all of the bundles, in marked contrast to the condition seen in an intcr-

node of the vegetative axis. Fig. 24 represents an appearance which

occasionally occurs; here the bundles constitute a nearly closed

vascular tube. The circular arrangement of bundles occurs in every

species which I have examined, even in such slender forms as P.

hyhridus, the peduncle of which shows four separate strands, each

surrounded by an endodermis {fig. 26). The basal part of the axis

shows the same arrangement as that represented in the figures, but

the strands are apt to be more widely separated. Cortical strands

are also present in the peduncle of species such as natans, which show

many such strands in the leafy stem {fig. 25) ; they cither join bundles

of the circle or dwindle away shortly after reaching the fertile part

of the axis. A ring of collateral bundles in the floral axis of Eleo-
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charis is figured by Plowman (19), and is stated by him to be char-

acteristic of the Cyperaceae. A similar condition is found in Tri-

glochin (see below). The resemblance of these axes to the stems of

dicotyledons can hardly fail to be noticed, and I am inclined to attach

phylogenetic importance to the feature, rather than explain it on

physiological grounds, as is suggested by.ScHEXCK (28)- The per-

sistence of ancestral features in the reproductive axis has been pointed

out by Solms-Laubach (31) and by Scott (29), and the status of

this as a general principle has of late received strong confirmation,

especially from the work of Jeffrey, who in his memoir on the

Abietineae (14) sums up the evidence, in favor of the principle- In

Potamogeton we seem to have another case in point, for the peduncle

shows the primitive dicotyledonous arrangement of bundles, which

moreover are collateral throughout their course.

GENERAL.^The affinities of the genus Potamogeton may best be

discussed later, but we may here consider the relations of the species.

The main question at issue is as to whether the species with large

floating leaves or those with small submersed leaves are primitive, or

whether, as Raunktaer (21) believes, the species with large submersed

leaves are to be so regarded. One criterion for the decision of the

question is the structure of the central cyh'nder in the various species.

In his admirable memoir on submersed plants Schenck (28) has

described and figured the central cylinder of a series of species, starting

with P. perjoliatus^ in which the bundles of the internodal stele are

separate, and ending with P. pectinatus, in which the stele consists of

thin-walled cells surrounding a central cavity, and he concludes that

the series represents a process of fusion and reduction of the vascular

tissues. In another work (27) the same author expresses the view that

the pondweeds have sprung from terrestrial plants which passed

through the amphibious, then the swimming, and finally the sub-

mersed stage: "P. natans wiirde nach dieser Ansicht die ursprung-

lichste Form unter den heutigen Arten noch vorstellen." With the

general principle of reduction here stated the present writer is in

accord, but it seems to him that the place of honor should be awarded

to some such species as P. pulcher for the following reasons: (i) P-

natans has some of its submersed leaves specialized as phyllodes,

while in P. pulcher the submersed leaves are broad and differ from
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the floating ones mainly in their thinness; (2) It is probable that the

separate bundles in the central cylinder of P. piikher represent a more

primitive condition than the ''trio" of P. naians. There seems to be

every reason to believe that the small-leaved submersed forms with a

stem showing a concentric stele are to be regarded as simplified by

reduction. Furlhcrj the group of species with stipules adnate to the

petiole represented by P, filijonnu^ P. peclinatuSy and P. Rohbinsii

are probably quite specialized forms, since they arc connected with

such forms as P. natans by a small group including P. spirilliis and P.

hybridiis, in which the stipules are slightly adnate and the spikes are

of two kinds, the emersed ones cylindrical, and the submersed ones

capitate, consisting of four to six flowers. It should also be noted

that P. Robbinsii^ etc., have their flowers in an interrupted spike.

RUPPIA MARITIMA

This monotypic form has been uniformly placed in the same

. family as Potamogeton on account of its emersed inflorescence, per-

fect flowers^ and alternate leaves. The complex arrangement of

branches characteristic of Potamogeton is here represented by a creep-

ing axis giving off roots and leafy shoots, as described by Irmisch

(12). The structure of the stem is comparatively simple: inside a

lacunar cortex is a central cylinder of the type of P. pectinatus, viz.',

with a central cavity surrounded by small thin-walled cells. Trache-

ids are present at the nodes. Each leaf possesses a central bundle

i
and two very slender lateral ones. The central bundle enters the

central cylinder directly, as in Potamogeton; while the lateral bundles

descend into the cortex of the stem for a greater or less distance,

though they do not reach the next lower node, but dwindle away and
m

disappear, as is illustrated in the diagram, fig. g. This condition has

in all probability been derived by reduction from that in which the

cortical bundles joined the central cylinder at the next node below the

insertion of the leaf to which they belong, for it is unreasonable to

suppose that the leaf traces should originally have had no connection

r>f tlip c;tpm. Thus the corticalchannels

bundles of Ruppia belong to Van Tieghem's second group (32, p.

751). The course of these bundles, and the occurrence of xylem at

the nodes, as well as the filiform leaves and submergence of all parts
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of the plants except the flowers, leads to the view that Ruppia is an

example of simplicity by reduction.

POSIDOXIA

Magnu
oceanica (17). According to his description, the conducting tissue

of the central cylinder is flanked by a mass of mechanical fibers, and

the cortex contains numerous small bundles of fibers and also a few

conducting bundles. No account is given of the course of the leaf

traces, and material has not been obtainable so far for the present

research.

ZOSTERA

The widely distributed species Z. marina has been the subject of

frequent study. Eichler (10) described the sympodium of floral

axes, and Sauvageau (23) has given the best account of the vegetative

structures of the five species, referring to the older literature on the

subject. The creeping stem is monopodial, and bears the long ribbon-

shaped alternate leaves, while the ascending branches are sympodes

bearing the flattened spadices. In all these regions the main struc-

tural features are the same, namely, a wide, somewhat lacunar cortex

containing two vascular strands and inclosing a narrow central

cylinder. The structure of the last, however, differs considerably in

the various regions of the plant. . Fig. 2p, from the lower part of the

ascending shoot, shows the simplest condition, with a central lacuna

and four masses of phloem, therefore representing four fused bundles.

This condition is present also in the apical parts of the creeping stem,

and arises from the distichous arrangement of the leaves. The older

parts of the creeping stem show four additional bundles in the stele,

alternating with the first-formed bundles. Xylem fills the lacuna at

the nodal regions, but is nowhere well developed. From the sheath-

ing base of a leaf a median bundle enters the central cylinder directly;

while on each side two or more lateral traces fuse and join the cortical

bundle on its side, which at the same level sends a branch to the central

cylinder, as shown in the diagram, fig. 6. From the leaf also enter

a large number of small bundles of fibers which run down in the outer

region of the cortex; in the creeping stem these may be thin walled
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or even absent. The peduncle shows a structure similar to that of

the stem figured; no circle of separate bundles such as in Potamo-

geton is found, but the central cylinder consists of two united

bundles.

The well-defined cortical system of this plant is a characteristic

feature which at once separates the genus from Potamogeton. In P.

NiMallii^ however, we have a suggestion as to how the condition in

Zostera may have arisen, as described above (p. 167) ; the lateral bundle

e'htering the stem from the petiole and stipule may give off a branch

which descends through the cortex. The chief difi'erence between

this condition and that in Zostera is that in the latter genus the cortical

strand is continuous up and down through a number of intcrnodes.

Whether a leaf trace at once penetrates into the central cylinder, or

descends at the periphery of the cylinder, or descends altogether out-

side the cylinder, appears to be a feature readily modifiable in the

monocotyledons, as has been pointed out by the writer (6), and in

almost every family of monocotyledons there are members in which

at least some of the leaf traces pursue a cortical course for the length

of an internode before joining the central cylinder. Apparently this

condition is derived from that in which all bundles of the leaf trace

Join the stele directly.

According to Sauvageau (23), Z. MneUeri and Z. tasmanica show

two to five cortical bundles on each side in place of the single one of Z.

marina. These bundles anastomose with one another at the node,

and send a branch to the central cylinder, while receiving a single.

*

i

from

traces.

The affinities of this genus arc by no means clear. Like Potamo-

geton it has an elongated inflorescence which here reaches a high

degree of specialization. The totally immersed habit of the plant,

pollination

mentous The vascular structures

may have been derived from the condition found in Potamogeton, as

is suggested above, but the resemblance is not striking, especially

when we consider the eight radially arranged bundles of the central

cylinder. The process of evolution has apparently separated

far from its relatives.

Zostera



174 BOTANICAL GAZETTE [September

PHYLLOSPADIX

Zostera

qiiately studied, though Dudley (8; 9) gives a good general account,

and corrects several mistakes of earlier writers^ e, g., the supposedly

tuberous habit of the base of the stem as erroneously figured in Eng-

LER and Prantl (ii). Through the kindness of :SIr. C. P. Smith,

I have been able to study alcoholic material of P, Scoiderl from

Carmel Bay, California. As Dudley points out, the basal part of

the stem, far from being tuberous, is an elongated rhizome, along which

the leaves are arranged alternately right and left. In general plan,

the structure of the stem resembles that of Zostera marina, showing a

comparatively small central cylinder and two slender cortical bundles.

To the latter the lateral leaf trace bundles are attached, while the

median trace joins the central cylinder directly. These statements

apply equally to the ascending stem, represented in fig. 30, which

shows certain features more clearly on account of the absence of roots.

As may be seen in the figure, two lateral traces enter the stem on each

side of the median trace, and attach themselves to one of the cortical

strands which then sends in a branch to the central cylinder. Thus

the disposal of the leaf traces differs no more from that in Zostera

marina than does this from other species of Zostera. The central

cylinder is in most respects similar to that of Zostera, showing four

bundles in a section through an internode of the ascending stem.

In the upper part of such a stem the bundle derived from the median

trace of a leaf runs somewhat apart from the other bundles of the

central cylinder, and in general the vascular strands of this genus

show a tendency to be more widely separated than in Zostera. The

floral axis does not show the ring of bundles seen in Potamogeton, but

these are arranged in a tubular stele, and there are two cortical strands

as in the lower part of the stem. These features of the floral

axis are in accord with its specialized character in this species.

Numerous mechanical strands enter the stem from the leaves, espe-

cially in the ascending part of the stem, but they are not numerous nor

thick walled in the creeping stem. As in Zostera the pollen is fila-

mentous. The anatomical characters afford no reason for question-

ing the conclusion of Dudley, that the genus is derived from

Zostera,
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CYMODOCEA

This genus shows several points of resemblance to Zostercae, e.

the filamentous pollen, elongated creeping stem, frequently ribbon-

shaped leaves, and, as will be seen, its vascular structure is closely

related. The best general account is that by Bornet (2) of the

species C nodosa, though the account of the vascular anatomy is

meager. Sauvageau has described certain features of the stem and

leaf structure of a number of species (24). The only species acces-

sible to me has been C, manatoruniy and to it the following account

applies- ih
cortex which is characteristic of the genus. An outer zone free from

lacunae contains near its inner limit a broken circle of cortical bundles,

and surrounds an inner zone which is lacunar. The circle of bundles

really consists of two sets, an arc-shaped group of four or five on each

side of the central cylinder, w^hich is somewhat flattened. Each of

these groups corresponds to one of the two cortical strands of Zostera

marina, and to the two to four strands of Z. MiieUeri and Z. tasmanka.

They are, as would be expected from analogy, connected with the

lateral traces of the leaf, while the median leaf trace enters the central

cylinder directly. At the node the cortical bundles of each side anas-

tomose and send a branch which joins the central cylinder at the point

of entrance of the median trace. Certain of these features are shown

^^ fS' 3^' As Sauvageau figures for C serriilata, the central cylinder

consists of tw^o bundles lying in the line which passes through the base

of the leaf {jig. ji) ; the phloem contains several large sieve tubes, and

the xylem of the two bundles is fused and is represented by a central

lacuna. As the node is approached, tracheary tissue fills the lacuna,

and at the point of entrance of the leaf trace that bundle of the stele

lying toward the trace becomes amphivasal, quickly followed by the

other bundle. After the entrance of the two bundles from the cortical

system three amphivasal bundles are present in the stele, soon becom-

ing two and changing to the collateral form as their xylem disappears

and is replaced by the central lacuna. The cortical system of Cymo-

docea seems to be an extension of the plan seen in Zostera marina, Z.

Muelleri forming an easv transition. The jjcnus is to be regarded as

a specialized one, judging from the anatomy and the filamentous

pollen.
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HALODULE

I have not examined material of this genus, but Sauvageau's

account of the stem structure (24) leaves little doubt that it is derived

from Cvmodocea or one of its near ancestors. Instead of the arc of

similar cortical bundles on each side of the central cvlinder, Halodule

shows one larger strand and a variable number of rudimentary strands

forming an arc—apparently a more differentiated condition than that

found in Cymodocea.

ZANNICHELLIA PALUSTRIS

The external morpholog}^ bears a general resemblance to that of

Potamogeton, and the minor differences are stated in detail in

Irmisch's classic work already referred to (12). The structure of

the creeping and ascending stems is very similar, and carries the reduc-

tion observed in Ruppia a step farther. As stated by Campbell (3)

and confirmed by my observ-ations, the central cylinder of the stem

consists of thin-walled tissue inclosed in a distinct endodermis and

surrounding a central cavity. The lacunar cortex lacks the two

strands seen in Ruppia, for in Zannichellia the leaf contains a single

trace which enters the central cylinder directly. Spiral tracheids are

present at the nodes to nearly the same extent as in Ruppia, and are

much more abundant than in Naias flexilis or A'^. marina, Camp-

bell makes the interesting observ^ation that the filament of the sta-

men is traversed by tracheary tissue, showing in section usually two

tracheids. The plant is totally submersed, and pollination is effected

under water, a fact which points to a high degree of specialization.

The single stamen and monoecious habit point in the same direc-

tion; in fact specialization and reduction are so great that the affinities

of this monotypic genus are very uncertain.

Naiadaceae

NAL\S

On account of the simplicity and the exceptional development of

its floral parts this genus has attracted much attention. Originally

counted as belonging to Potamogeton, the tendency now^ is to put the

genus in a family by itself. Magnus (15, 16, 18) has thrown much
light on the morphology, and in his paper of 1870 gives an excellent

i

I

I

»

!



1907] CHRYSLER—POTAMOGETONACEAE lyy
f

account of the earlier work. Campbell (3) has studied N. flexilis

by the aid of modern technique, and Rendle (22) has recently

revised the genus from the systematic standpoint. The last two men-
tioned authors summarize our knowledge of the morphology, so we
may at once proceed to a discussion of the features which throw hght

on the affinities of the genus. My ow^n observations have been con-

fined to two species^ N, -flexilis and N, marina, obtained from several

different localities with a view to confirming earlier accounts- The
structure of the stem resembles that found in Zannichellia^ and is figured.

for typical species by Rendle; a cortex containing a circular row of

lacunae incloses a slender stele which consists of thin-walled elongated

cells surrounding a central lacuna. The endodermis is usually well

marked. A single leaf trace enters the stele directly from each leaf.

In N, 'flexilis a few ringed or spiral tracheids are to be seen at the

nodes, especially the younger ones, also in the pedicel of the flower,

and, according to Campbell, in the young leaves as well. In N.
marina, however, I am unable to find any trace of tracheary tissue,

although this species is a stouter form than A^. flexilis. The feature

to which most significance has been attached is the simple flower,

consisting either of a single ovule or single anther, inclosed in a

^'spathe." In early stages the micro- and megasporangiate struc-

tures are scarcely distinguishable, and Campbell compares them with
w

the sporangia of Azolla. This author argues for the derivation of

the monocotyledons directly from pteridophytes, especially the Isoe-

taceae, through simply organized aquatics such as Naias or Zanni-

chellia. According to this view the simplicity exhibited by the

vegetative and reproductive structures is primitive. In marked con-

trast is the opinion of Magnus: "Bei Naias scheint mir vicles dafur

zu sprechcn, das wir es mit reducirter Einfachheit zu thun haben"

(18, p. 222). It will be well to examine the evidence in some detail.

(i) On the view that Naias represents a reduced form derived from

a land plant, the occurrence of tracheids at the nodes, in the pedicels

of the flowers, and in the young leaves, receives ready explanation, for

these regions are just the ones in which ancestral features are apt to

persist. On the other hand, there seems to be no reason why a sub-

mersed aquatic which is primitively an aquatic should have any tra-

cheids whatever. Under this head the evidence seems conclusive.
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(2) "The flowers of Naias represent the simplest form which an

angiospermous flower can assume, consisting simply of a single carpel

with but one ovule, or of a single stamen which in most species has

but one pollen cavity" (Campbell 3, p. 12).. The inaccuracy of the

last statement can be easily shown. By sorting out the species

described in Rendle's paper, it is found that seven species have a

unilocular anther, while twenty-three have the usual quadrilocular

anther. ISIoreover, Campbell figures a case where the anther of iV.

flexilis is partially divided by a partition. It would seem then that N.

flexilis forms an exception to the condition obtaining in the genus,

hence the similarity between megasporangiate and microsporangiate

structures is not so great as supposed. Concerning the single stamen,

it by no means follows that this necessarily indicates a primitive con-

dition, for there are cases of monandrous flowers belonging to families

which are admitted to be high in the scale, for instance Hippuris and

many orchids.

(3) The ovary of N. marina is surmounted by three stigmas

(sometimes two), that of N, microdon by three stigmas, or by two

stigmas and a spine-arm, or by intermediate conditions; other species

show a varying number of stigmas (see Rendle's figures). The

number of stigmas in a flower is usually taken to indicate the number

of carpels, e. g., some grasses have two stigmas though there is only

one seed. In the case of Naias, Eichler (10) is of the opinion that

the evidence is untrustworthy, since the stigmatic branches are of

relatively late appearance. It may be, how^ever, that we have here a

relic of the condition of the flower with several carpels.

has unisexual flowers, monoecious or dioecious; this is

not regarded as being so primitive a condition as the hermaphrodite

one exhibited by members of the Potamogetonaceae.

(5) PoUination in Naias is effected by means of the water in which

the plants are immersed. This mode must be considered to be derived

from the anemophilous mode, for non-motile spores in the higher

plants are regularly carried through the air.

Naias

me
for Naias cannot be maintained. The evidence goes to show that its

structure is reduced in accordance with its aquatic habit. The genus

stands very much isolated, but it has been suggested bv Magnus that

n
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its ovary might be derived from an ancestor of Zannichellia by the

suppression of all the carpels but one.

Aponogetonaceae

APONOGETON FENESTRALIS

The creeping rhizome of this bizarre plant differs markedly from

those found in Potamogetonaceae, being much less lacunar and hav-

ing its cells loaded with starch. The vascular cylinder is poorly

defined^ since no endodermis is visible and the bundles are not numer-

ous. Some of these lie at what is to be regarded as the periphery of

the central cylinder, and a few others run in the medulla. \Qry few

of these are amphivasal, and all are weak looking strands with their

xylem hardly lignified. At intervals the peripheral bundles are con-

nected by a girdle of vascular strands, so that an almost complete

ring is formed. Seven or more traces enter from the sheathing base of

each leaf; rapidly traversing the cortex and penetrating to near the

middle of the stele, where they anastomose with one another and pro-

ceed downward through the medulla. Thus the vascular structure

resembles that of the majority of monocotyledons which have a creep-

ing rhizome much more than it does that of Potamogeton. In this

respect and in its floral characters the genus seems more closely related

to Alismaceae or Juncaginaceae than to the families so far discussed.

Juncaginaceae

TRIGLOCHITsT MARITIMA

It is not intended to enter in any detail into the morphology of

this genus, but to call attention to certain features which seem of

theoretic interest. Contrary to the habit of the plants at the other end

of the series, Triglochin has a stocky subterranean stem with short

internodes, resembling Acorus and many of the sedges. Fig. 33

shows its central cylinder; an endodermis is visible, within which are

a number of bundles, mostly amphivasal, imbedded in fundamental

tissue which is not lacunar as is the cortex, but contains much starch.

In the center of the stele is an island of mechanical tissue. The

presence of amphivasal bundles throughout the length of the stele

easily distinguishes this genus from Potamogeton. The writer has

already (6) expressed the view that such bundles arising in the nodes
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by reason of fusion of leaf traces with other strands may continue in

their amphivasal condition from one node to another in case the inter-

nodes are short j as is the case in a stocky stem such as occurs in this

genus. The leaf traces are collateral and penetrate the cortex rather

rapidly to enter the central cylinder. Fig. 2J shows a transverse sec-

tion through the floral axis. The exceedingly dicotyledonous looking

ring of collateral bundles cannot fail to be remarked. Attention has

already been called to the persistence of ancestral features in the floral

axis, and we have here a particularly good case in point.

SCHEUCHZERIA PALUSTRIS

The rhizome of this monotypic genus bears a general resemblance

to that of Triglochin, but its tissues are much more lacunar, both in

the intra- and extra-stelar regions. The cortex lacks the mechanical

fibers found in Triglochin, and the island of such tissue is absent from

the stele. Numerous leaf traces enter the cortex from the sheathing
r

leaves; the larger traces penetrate directly into the interior of the stele,

while the smaller ones run down through the cortex for nearly the

length of an internode before entering the central cylinder. The

structure of the central cylinder of tho rhizome is shown in fg. 34;

leaf traces are to be seen in various stages of penetration in to the

cylinder. ]Most of the bundles lie in a circle at the outer border of the

stele, and it will be noticed that practically all of them are amphivasal,

although Chatin (4) figures them as collateral. It is probable that

his figure is from a higher region of the stem, for I have found that in

this region the bundles are more nearly collateral, i. e.,- with U-shaped

xylem. It is of interest to add that in the upper nodes the leaf traces

enter the stele through distinct gaps. The floral axis is strengthened

by a thick fibrous ring, inside which are collateral bundles arranged in

an irregular ring, with three or four lying a short distance farther in.

Thus the arrangement is not so simple as in Triglochin.

The affinities of this and the preceding genus seem to be with

Alismaceae rather than Potamogetonaceae, hence no attempt will be

made at present to discuss this question.

Relationships

The view that the monocotyledons have been derived from the

dicotyledons has been put on a new foundation by recent anatomical

c

(
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studies. Since the correctness of this view is to be premised in the

following discussion, it will be well to review the evidence for it. The
two characteristic monocotyledonous features—scattered arrange-

ment of the bundles and amphivasal form of bundle—are found not

to occur in the seedling in families which have been examined in this

(J On the contrary,

the seedling shows a tubular stele with collateral bundles, such as is

typical of a dicotyledon. Sooner or later some of the bundles turn

into the medulla and show the amphivasal feature at some part of

their course, eventually becoming leaf traces. These stages in onto-

geny are believed to repeat stages in the phylogeny of the group.

Occasional cases of apparent reversion to the primitive type occur in

adult rhizomes, such as that of Clintonia. The tubular stele is found

in the floral axis of some monocotyledons, and its occurrence here has

been interpreted as the persistence of an ancestral feature. In this

organ and in the leaves, moreover, only collateral bundles are found,

which is the prevailing type in dicotyledons. A cambium, the lack of
F

w^hich was supposed to be a distinguishing feature of monocotyledons,

has been demonstrated in Gloriosa by Queva (20), in the seedlings of

a number of monocotyledons by Andersson (i), in Cyperaceae by

Plowman (19), and most recently in the nodes of grasses by the

present writer (6). It has been argued that in the last-mentioned

case the cambium has persisted in regions where it is of use, and is

therefore a vestigial not a rudimentary structure. As to geological

evidence, many of the supposedly ancient monocotyledons have

turned out to be gymnosperms, and there is no reason for believing

that monocotyledons existed earlier than dicotyledons. Finally the

researches of Miss Sargant have shown how a monocotyledonous

embryo may have been derived from a dicotyledonous one.

The present research has added to the evidence along at least one

of the lines just mentioned. It has been shown that in Triglochin

and various species of Potamogeton the floral axis contains a circle

of collateral bundles, in which respect it is sharply distinguished from

the leafy shoot, especially in Triglochin. It has also been pointed

out that in the creeping stem of Potamogeton, where no large leaves

send in traces, the central cylinder has a simple tubular form, though

this appearance is often masked by the large size of the dorsal and
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the ventral strand. In the elongated internodes of Potamogeton only

collateral bundles occur, while in the shortened axis of Triglochin, to

which many leaves arc attached, amphivasal bundles are numerous.

This apparently represents the direction of evolution. Lack of mate-

rial has so far prevented me from studying the seedlings of any of the

Helobiae, but the importance of such study is fully recognized, and

cultures are in progress which it is hoped will shortly render it pos-

sible to fill this gap in the evidence

-

Admitting then the derivation of the monocotyledons from dicoty-

ledon-like ancestors, which of the genera studied most closely

resemble the dicotyledons ? There seems to be sufficient reason for

considering Potamogeton the most primitive genus met with, as is

indicated by the following facts

:

(i) The stem of Potamogeton is not a shortened axis, such as is

seen in many of the monocotyledons, e. g., the rhizome of Triglochin,

which in all probability has been shortened and thickened in accord-

ance w^ith its geophilous habit.

(2) Xylem is well developed in the nodes, floral axis, and young

stem of many species of Potamogeton. Its presence in these regions

cannot be explained on physiological grounds, but must be regarded

as the persistence of an ancestral feature. Conduction must be per-

formed by the internodes as well as the nodes, therefore if the trach-

eary tissue wxre functional (i.e., rudimentary instead of vestigial) in

the immersed species, its occurrence ought not to be localized.

(3) The separate strands present in the central cylinder of such

species as P. piilcher are to be regarded as more primitive than the

compound or fused cylinder seen in Zostera, etc.

(4) Potamogeton shows the circle of bundles in the floral axis

more plainly than any other genus studied, w^ith the exception of

Triglochin. The significance of this feature has already been con-

sidered ^

(5) The phloem in Potamogeton is particularly well developed,

consisting of sieve tubes with evident sieve plates, and undoubted

companion cells, though the latter are seldom so plain in monocoty-

ledons as in dicotvledons.

(6) Some species of Potamogeton possess floating leaves. Though

it is not denied that this may be a specialized feature, it has been well
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argued by Schenck (27) that we have here a stage in the assumption

of aquatic life by the genus. The leaves of all the other members of

the family are submersed.

(7) The inflorescence is a spike or spadix, an admittedly primitive

form. The other genera show a specialized spadix, such as Zostera,

or a reduced inflorescence, as in Zannichellia (and Naias).

(8) The spadix in Potamogeton is raised above the surface of the

water so that pollination is anemophilous. The nearest approach

to this is in Ruppia, where the pollen floats on the surface of the

water, while in the other genera the inflorescence is submersed and

the pollen does not reach the surface. In connection with this habit

the pollen of Zostera and Cymodocea is filamentous. Evidently these

cases of hydrophilous pollination are adaptations.

(9) The floral parts are in whorls of four, which is a characteristic

dicotyledonous number, although the whorls do not alternate in the

simplest w^ay. There is only slight coalescence of parts.

(10) The flowers are perfect^ while in ZannicheUia and Naias they

are monoecious or dioecious.

As to the relationships among the genera, the tendency of recent

classifications. is indicated by the fact that the old family Naiadaceae

is now split into four families, and one of these (the Potamogctonaceae)

into five not very closely related sections. It appears that the leading

principle at work in the evolution of the families has been that of

simplification or reduction, both in the reproductive and the vegetative

organs. Some features of specialization and complexity have also

appeared, such as the filamentous poflen and flattened spadix of

Zostera. This genus in spite of its peculiarities seems to stand more

closely related to Potamogeton than to the reduced genera Ruppia,

Zannichellia, and Naias, and its va:>cular system at least may be

derived from that of Potamogeton, as has already been shown. The

vascular system of Ruppia may represent a reduced condition deri\'cd

from that of Zostera or Potamogeton, while Zannichellia and Naias

are still more reduced both as regards the vascular system as a whole

and the elements of which it is composed. Naias represents the

extremo of rrdnrtinn fr^nnH in tV»p nrrrinn fnr tfinrp 1*; a Sintrle leaf

N
fl'
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pedicel of the floAver, and the young leaves. In contrast to this sim-

plification, the genus Zostera leads to a state of greater complexity

in Cymodocea and Halodule, where the two cortical strands of Z,

marina are replaced by two arc-shaped groups, each of several strands

but with a similar relation to the leaf traces and central cylinder.

Phyllospadix differs so little from Zostera in its vascular tissues, that

if this were the only criterion both might be included in the same

genus. Triglochin and Scheuchzeria appear to be only remotely

related to the 'foregoing genera. Both are much more typical mono-

cotyledons, as appears from the rhizome and flowers, and are more

naturally related to the Alismaceae. Aponogeton seems to be more

closely related to Alismaceae and Juncaginaceae than to Potamogcton-

aceae. The following diagram represents in a graphic way certain

of the relations suggested in the foregoing account

:

Halodule Naias

Phyllospadix Cymodocea Zannichellia

4

Zostera Ruppia

Potamogeton

Summary

1. The course of the leaf traces in Potamogeton is not typically

monocotyledonous, for in the more robust species the three traces run

down through one internode at the periphery of the central cylinder

before entering the medulla, where they descend through a second

internode, finally fusing with cauline strands.

2. At the points of fusion the bundles are found to be amphivasal^

while they are collateral throughout their internodal course.

3. The phloem of the bundles at the base of a branch shows a

marked swelling.

4. The cortical bundles present in some species of Potamogeton

are not regarded as a primitive feature, since they do not occur in the

fertile part of the floral axis and occur only sparingly if at all in the

creeping stem. They enter the stem as small strands from the stipules

and petioles and are not as a rule connected with the Drincipal leaf
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traces. In Zostera and Cymodocea, however, there is a system of

cortical bundles which are connected with all of the principal leaf

traces except the median one.

5. The circle of collateral bundles found in the floral axis in

Potamogeton and Triglochin is regarded as a relic of the ancestral

dicotyledonous condition of the vascular system.

6. The evidence afforded by the vascular and floral structures

indicates that Potamogeton is the most primitive genus of Potamo-

getonaceae. It shows more clearly than the other genera features

characteristic of terrestrial life^ though some of its species are appar-

ently reduced forms.

7. Species of Potamogeton having both floating and submersed

leaves and a central cylinder in which the bundles run separated from

one another are regarded as the most primitive members of the genus.

P. pulcher fulfils these requirements.

8. The other genera of Potamogetonaceae show further stages of

reduction in accordance with their totally submersed habit. Their

relationships are in some cases show^n by the vascular structures.

g. In Naiadaceae the reduction is carried to such an extreme of

simplicity that the affinities of the family are obscure.

lb. Aponogetonaceae and Juncaginaceae are more typically mono-

cotyledonous in their structure, and do not seem immediately related

to Potamogetonaceae.

Harvard University
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EXPLANATION OF PLATES XIV-XVIII

PLATE XIV ^

Diagrams to show the course of the leaf traces in the different genera. In

each diagram the upper part represents a transverse section through the node^^

and the lower part a longitudinal section through a node and part of the inter-

node below it. The boundary of the central cylinder is indicated by broken

lines, the median leaf trace by a double line, and the lateral leaf traces by single

lines. In the vertical diagrams the median trace is represented for the sake of

clearness as if entering from one side.
i

Fig. 4. Potamogeton (most species).

—

Fig. 5. Potamogeton Nuttallii,—Fig. 6,

Zostcra marina,—Fig. 7. Phyllospadix Scouleri.—Fig. 8. Cymodocea manatorum.
w—Fig. 9. Ruppia maritima.—Fig. 10. Zannichellia and Xaias.

PLATE XV
Fig. II. Potamageton natans. Transverse section a little above an upper

node of the leafy shoot, showing the petiole, fused stipules, axillary bud, and

stem. X15.

Fig. 12. Same. Longitudinal section through an upper node, showing the

swellings at the origin of leaf and branch bundles. X20.

Fig. 13. Same. Part of fig. 11 more magnified; numerous cortical bundles

are visible. X20.

Fig. 14. Same, Central cylinder of fig, ij more magnified. X4S.
Fig. 15. Same. Transverse section through the central cylinder at a node

of the leafy shoot. X^S-
Fig, 16. Same. Transverse section through internode of the creeping stem;

cortical bundles are absent. X35.

PLATE XVI

Fig. 17. P. piilcher. Tran'sverse section through central cylinder of the

creeping stem at the origin of a branch. X20.

Fig. 18. P. pedinatus. Transverse section through the leafy stem a short

distance above a node. X55.

Fig. 19. P. pidcher. Transverse section through the leafy stem just above

a node, showing the absence of cortical strands characteristic of this species.

X20.

Fig, 20. Same. Central cylinder of fig.
ig enlarged, showing the separated

bundles. X70.

Fig. 21. Same. Transverse section through an intemode of the creeping

stem, showing the tubular central cylinder. X20.

Fig. 22, Same. 80

Fig, 2^. P. natans.

PLATE XVII

erse section

axis, showing a ring of bundles. 'X35.
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Fig. 24. Same, Condition sometimes found in the floral axis. X55.

Fig. 25. Same. Section from near the base of the peduncle, showing cor-

tical bundles outside the ring. X20.

Fig. 26. P. hyhridus,. Section through the floral axis. X120.

Fig. 27. Triglochin maritima. Transverse section through the floral axis,

showing a ring of collateral bundles. X25.

Fig. 28. P. crispus. Transverse section through central cylinder. Xioc

PLATE XVIII
*

Fig. 29. Zostera marina. Transverse section through an intemode of the

ascending stem. X20.

Fig. 30. Phyllospadix Scouleri. Transverse section through the ascending

stem at the upper part of the insertion of a leaf. X 15.

Fig. 31. Cymodocea manatorum. Transverse section through an internode

of the stem. X25.

Fig. 32. Same. Transverse section through a node. X30.

Fig. ;^^. Triglochin maritima. Transverse section through the central

cylinder of the rhizome. X25.

Fig. 34. Scheuchzeria palustris. Transverse section through central cylin-

der of the rhizome. X30.
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THE MALE GAMETOPHYTE OF DACRYDIUM

. CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY, 99

Mary S. Young

(with plate xix)

Until 1902^ when Coker (i) published a paper on the gametophytes

and embryo of Podocarpus, we had no account whatever of any of

the Podocarpincae. The fact that they are in the main forms of

the southern hemisphere has made it hard to secure the necessary

material. Coker's study was made from two cultivated trees, and

his results, so far as the male gametophyte is concerned, were, very

briefly, as follows: (i) The pollen grain contains two prothallial

cells; the first degenerates slowly, the nucleus of the second slips

out into the general cytoplasm and may divide; the first may segment.

(2) The mature pollen grain sometimes contains as many as six

nuclei, (3) There is one functional male cell formed.

In connection with these results it is interesting to note some recent

work on Araucarineae, In 1905 Thompson (2) found in the pollen

tubes of Agathis supernumerary nuclei, sometimes as many as thirteen,

but was not certain of their origin. In the same year he found a

similar condition in Araucaria, and in one instance at least, there were

more than thirty nuclei placed fore and aft. In 1905 Lopriore (4)

described the pollen grains of Araucaria BidwilUi. According to his

account, two lenticular cells are successively cut off from the main

them The free

central nucleus and an inner cell of the complex increase in size and

undergo no further divisions; they remain distinct from the others,

and even in the germinating tube can be recognized. One of them

is figured with a conspicuous envelope of cytoplasm rich in starch.

about

Nuclear about thirty-six

free nuclei in the general cytoplasm. Lopriore interprets the cell

complex as representing an antheridium and considers the two large

nuclei as vegetative in character. The paper has been reviewed by

180] [Botanical Gazette, vol. 44
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Chamberlain (5), who suggests that the complex is prothallial and

the two nuclei reproductive.

In 1904 JuEL (6) found in the pollen tubes of Cupressus Goveni-

ana a complex of male cells; sometimes there were only four, but

more often eight or ten, and in one case about twenty. The tree

was grown in a greenhouse and may not have been normal. Recently,

however, a study of Microcycas calocoma by Caldavell (7) has

revealed a somewhat similar multiplication of reproductive cells.

He found in the pollen tube a tube nucleus, a prothallial cell, a stalk

cell, and eight or nine body cells. Each of these body cells later

divides to form two sperm mother cells.

The peculiarity of the pollen grains of Podocarpus and its possible I

bearing on the question of relationships among conifers added con-

siderable interest to the study of Dacrydium. A brief summary of

some points in our present knowledge of the male gametophytes of

conifers may be useful.

1. Prothallial cells.—Taxineae, Taxodineae, and Cupressincae

have none. In Abietineae there are two and both are ephemeral.

In Podocarpus there are originally two; one at least is persistent and

may divide. In Araucaria, as Chamberlain interprets Lopriore^s

figures, there is extensive prothallial tissue.

2. Generative cells.—The free nucleus of the spore divides to form

lucrative cell and tube nucleus. Usually the generative cell

divides periclinally to form the so-called stalk and body cells, of which

the former is sterile.

3. The male cells.—The body cell divides to form two male cells

or nuclei. The sperms are usually unequal, but in Taxodium and

Juniperus, and perhaps in Pinus, they are equal.

4. Shedding.—The usual shedding-stage is after the division into

tube nucleus and generative cell; but in Juniperus and Cupressus

the microspores are shed before any division has taken place ; and in I

Picea the generative cell has divided. '

J
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It was killed and preserved in 70 per cent, alcohol and formalin,

imbedded in paraffin, cut 5 yx, and stained part in o. 5 percent, hema-

toxylin and orange G and part in safranin and gentian violet. The
material consisted of staminate strobili of Dacrydium hijormc, D.

BidwilHij D. cupressimintj and D. laxifoHum, and young ovules of

D. cupressinum, D. laxijolhim, and D. intermedium. Unfortunately,
I*

it was impossible to obtain a complete series from any one species.

The first named was in the microspore stage only; the second fur-

nished a scries from the microspore up to the shedding of the pollen;

the pollen of the third was ready to be shed, but no grains were found

in the ovules; the fourth showed young tubes in the micropyles,.and

in D. intermedium they had penetrated the nucellus.

The staminate strobili are 2 to 6"^"^ in length and terminate short

branches. The nucleus of the microspore is large and lies near the

base of the spore, that is, the side opposite the wings {fig. i). The
first division cuts off a lenticular prothallial cell which lies close against

the basal wall {fig. 2). Another division soon follows, cutting off from

the main body of the spore a second prothallial cell, similar to the

first and overlying it {figs, j, 4). Both these cells have distinct though

very delicate w^alls; their nuclei are somewhat flattened and stain

very deeply, but they show no sign of degeneration; the cytoplasm

also is very dense.

In Dacr}dium, as in Podocarpus and the Abictineae, a third cell

is now cut off from the main body of the spore {fig. 5). It overlies

the others and is so similar to them that but for its subsequent behavior

one might think it a third prothallial cell. It is a generative cell

—

generative in the sense that it is the ancestor of sperms. This and

the second prothallial cell now both divide; usually the division of

the latter occurs first, but the order may be reversed {figs. 6, 7). In

either case the result is a complex of five distinct cells, one in the

lowest, and two in each of the upper tiers, filling about one-third of

the cavity of the spore. All the fiv^e nuclei are oval and stain very

deeply. The free nucleus, which is now the tube nucleus, divides

no more. It is somewhat irregular in outline and is larger and less

dense than any of the others. The cytoplasm of the pollen grains is

at this time considerably vacuolated.

Up to this point all the stages described were obtained from Z).
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r

BidwiUii. A very close series was secured, showing spindles in
w

every one of the divisions^ so that the sequence of events was quite

clear. In this species, very rarely, a division of the first prothallial

cell occurs. In D. cupressinuniy however, this takes place normally,

giving a complex of six instead of five cells {jig. ii). As early stages

were not secured, I cannot say when the division occurs.

The next step in the development of the gametophyte is the enlarge-

ment of the two generative daughter cells. They increase in thick-

ness and the nuclei lose their flattened appearance. Before this

there had been nothing by which to distinguish between the two, but

now one of them grows more rapidly than the other and arches upward

conspicuously. This may take place before or after the division

of the second prothallial cell. At the same time the upper and inner

walls become gradually less and less distinct and finally disappea

altogether (figs. 8, p, lo). The larger cell does not lose its identity,

but retains about itself a sheath of cytoplasm, rich in starch. It

abandons all connection with the spore wall and appears as a rounded

cell free within the pollen grain, similar to the body cell of other

conifers. The other loses itself in the general cytoplasm and its

nucleus is set free.

The prothallial cells now also increase somewhat in thickness,

their nuclei round up, and their walls fade away. When ready to

be shed, the pollen grain of D. BidwiUii contains the body cell and

five free nuclei. These change their relative positions somewhat, and

the nucleus of the body cell is indistinguishable from those of the

prothallial cells and the tube nucleus.

Several pollen grains of D. BidwiUii were found in which two body

cells were apparently developing from the divided generative cell;

though these were unequal in size, both had the characteristic sheath.

In two or three older pollen grains of D. laxifolium, in which the tubes

were formed, there was the appearance of two body cells, one larger

than the other; fig, ij shows one of these cases, though not the most

pronounced.

D. laxijoliiim, though collected on the same day with the micro-

spores of D. bifoffne and the more advanced D. BidunUii, showed

no young stages at all. The pollen had all been shed. The micro-

pyles were full of the pollen grains, of which some had not germinated,

I

I

*•

ji
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but some had tubes twice the length of the spore. In these there

appeared always the conspicuous body cell and six free nuclei. Among
the latter one could sometimes recognize the tube and generative

daughter nuclei by their position or appearance, but sometimes they

were quite indistinguishable. In several cases one, presumably

the tube nucleus, had entered the tube and the others were about to

follow it {figs. 12 y Jj).

From the number of free nuclei, it is fair to infer that in D, laxi-

jolhim^ as in Z). ctipressimim^ the first prothallial cell has dividcch

Another possible explanation would be the division of the body cell,

but the latest stages in D. Bidwillii, in which the shedding of the

pollen had begun, could not have been much earlier tlian that of the

ungerminated pollen grains in the micropyles,* and there was no

evidence of such a division in cither of these. In several cases, too,

the position of two free nuclei side by side against the lower wall

suggested their origin from the first prothallial cell.

The latest stages found were in D. intermedium collected January

31. The tubes had penetrated the nucellus to some distance, and

free nuclei were seen in them, but there was no evidence of any

further divisions. The body cell, still undivided, remained alone

in the cavity of the pollen grain. It seemed probable that it would have

divided and given rise directly to two sperms, as in other conifers,

but there might be other divisions previous to sperm formation. It is

hoped that in the near future material can be secured and the life-

history completed.

DISCUSSION

The striking facts about the male gametophytc are (i) the multi-

plication of prothallial cells and (2) the transverse division of the

generative cell. The development in Dacr)'dium agrees rather

closely with that described by Coker for Podocarpus, except that

there is no sign of degeneration of any of the cells, and the division

of the generative cell in Podocarpus was not obscrv-ed. In the light

of what we now know about Podocarpincae, one can hardly study

Lopriorf/s drawings of Araucaria without agreeing with Chambp:r-

LAix's view. The mode of origin of the cell complex at once suggests

the prothallial cells of other conifers, and the large nucleus with its

cytoplasmic sheath looks too much like a body cell to be called vegeta-



' f

194 BOTANICAL GAZETTE [September

name

lum ^ ^

with In IMicrocvcas the genera-

tive cell produces the sterile stalk cell and eight or more body cells

Cup
o

cells divides many times, giving rise to extensive fertile tissue. J

tive. In fact, all the early figures up to the five-cell stage might be
j

taken to represent Dacrydium cupressinum. These show the forma-
\

tion of first and second prothallial cells, the generative cell, and the

division of the first prothallial cell. According to Lopriore's account,

howeverj after the first two divisions it is usually the middle, that is

the second prothallial cell, which divides longitudinally, cutting off

what we would call the generative cell.

The complex in Cupressus is not at all comparable to that of Arau-

caria, for it has a wholly different origin. It is not formed early in

the histor}^ of the gametophyte by successive divisions of the spore,

but later, in the tube, by the division of a single differentiated repro-

ductive or body cell. The rarity of any prothallial cells at all in

conifers sets apart Abietineae, Podocarpineae, and Araucarineae as

the possible representatives of a more primitive condition. Araucaria

seems to point toward an ancestral functioning thallus, and Dacrydium

shows a further step in the reduction so nearly accomplished in

Pinus. A possible connection between the three groups is suggested.

The question of relationships, however, can be answered only through

the combined results of various lines of research.

In most conifers that have been studied, the generative cell divides

periclinally to form the so-called stalk and body cells, but outside

of conifers we fmd Cycas and Ginkgo in which the division is trans-

verse. The term ''stalk cell" is a rather unfortunate one. Its use

was suggested by the position of the cell between the body and the

prothallial cells, but in the case of a transverse division, or where, as

in Sequoia and Cr}^ptomeria, the division takes place in the free

is entirely lost.

It is perhaps misleading, too, in the suggestion of the stalk of an

antheridium.

The generative cell is the first of a spermatogenous series. In

Pinus, for example, it divides, giving rise to a sterile and a fertile

cell. The body cell divides once and produces two male cells. In

I

i

I

4

(

\

\
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saw a small nucleus which he thought to be the stalk nucleus. From
MicrocycaS; then, through Dacrydium to Pinus we have a reduction

series in the spermatogenous tissue. The inequahty of the sperms,

so common in conifers^ is only a further step in this reduction.

The tendency for two body cells to develop in Dacrydium may be

related to the transverse division of the generative cell. In Pinus

the inner cell has the advantage at the start, and is thus set apart as

the body cell; but in Dacrydium both cells begin cxslstcnce wiih

apparently even chances, being equally free to enlarge. Thus it

seems at first a matter of indifference which shall be the body cell

and which sterile, and some accident of slightly superior size or

better nourishment may be the determining factor.

SUMMARY

1. There are two prothallial cells cut off from the main body of

the spore. In Dacrydium Bidunllii usually only the second divides;

in D. laxijolium and D. cupressinum both divide.

2. The generative cell divides by an anticlinal wall, one daughter

cell functioning as a body cell and the other being sterile. In some

cases both produce body cells.

3. The walls of the prothallial cells and the two generative daughter

cells disappear.

4. The mature pollen grain contains the body cell and five or six

free nuclei, according as the first prothallial cell has or has not

divided.

under the direction of Professor J

Coulter and Dr. C: J. Chamberlain.

University of Chicago

Note,—Since this investigation was completed, a paper by Jeffrey and

CjaRYSLER (The microgametophyte of the Podocarpincae. Amer. Nat. 4^*

355-364- 1907) on the same subject has appeared. The paper deals chiefly

with Podocarpus, The development of the gametophyte corresponds in general

with that of Dacr}'dium, but with further divisions of the prothallial cells, resulting

sometimes in eight, and an occasional division of the generative cell into three

instead of only two cells.
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EXPLANATION OF PLATE XIX

A Zeiss apochromatic 2™^

\n^ ocular 8 were used. All

Abbreviations: L tube

gnificat

X

ipermatogenous

Figs, x~iOj Dacrydium BidwiUii

Fig. I. Microspore.

Fig. 2. First prothallial cell cut off.

Figs. 3, 4. Cutting-off of second prothallial cell.

Fig. 5. Cutting-ofF of generative cell.

Fig. 6. The second prothallial cell divided.

Fig. 7. Division of generative cell.

enlargin

Fig. 9. Tube nucleus, body cell, and two prothallial cells; stalk cell not

shown.

Fig. 10. Walls of stalk and body cells disappearing.

Fig. ii. Dacrydium cupressinum; both prothallial cells divided.

Figs. 12, 13. Dacrydium laxifolijim; tube nucleus entering the tube; body

cell and prothallial and stalk nuclei in the grain.

I
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BRYOLOGICAL PAPERS
I. THE ORIGIN OF AIR CHAMBERS

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY, 100

Charles R. Barnes and W. J. G. Land

(with twenty-two figures)

The air passages in certain tissues of the vascular plants are so

prominent as to attract instant attention when a section is examined.

Inasmuch as new cells are produced by division, and the partitioning

wall is a joint product of the two severed protoplasts, a-priori reason-

ing leads to the hypothesis that intercellular spaces arise by the

secondar}^ splitting of the membrane, on account of unequal growth

and turgor. This hypothesis is abundantly verified by obsen^ation,

and there remains no doubt whatever that the aerating passages of

vascular plants are formed in this manner.

When intercellular spaces were observed in liverworts, it was

natural to assume that they took their origin in the same fashion.

In the Anthocerotales, intercellular spaces of the triangular and

quadrangular type, familiar in the pith parenchyma of vascular plants,

occur in both gametophyte and sporophyte. We are not aware that
+

the origin of these has ever been supposed to be in any way different

from that of similar spaces elsewhere. The origin of the mucilage

clefts and chambers of Anthoceros and Dendroceros is definitely

ascribed by Leitgeb' to cleavage, and he has been quoted in all

textbooks.

In the Marchantiales, however, the canals and air chambers in

the upper portion of the thallus are so large and extraordinary in

architecture, that it was questionable whether they arose in the familiar

fashion, or had some peculiar origin. Hopmeister^ describes the

formation of the air chambers in the gametophore of Marchantia

polymorpha in these words:

Close under the arched upper surface of the receptacle of Marchantia ....
numerous air cavities are formed, even before the first appearance of the arche-

I Leitgeb, H., Untersuchungen iiber die Lebermoose 5:4; i3ff-> 3^- 1879.

2 Higher Cr>*ptogamia 117. 1862,

197] [Botanical Gazette, vol. 44
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gonia. They are formed

underl}'

epidennal

By repeate

Vines

stomata

of the formation of air chambers according to Leitgeb- From that

time to the present Leitgeb's views have prevailed, being repeated

in all the textbooks as settled fact. As Campbell in the new edition

of Mosses and ferns nowhere definitely describes the origin of air

,^ we quote and translate from Goebel's Organographie

(p-296):

It is characteristic of the Marchantiaceae and Ricciaceae that air chambers
are found in the nutritive tissues. These arise, as Leitgeb first showed, not at

3 Sitzb. Kais. Akad. Wiss. Wien 81:40-54. pi. i. 18S0.

4 Campbell casually uses this expression {op. cit., p. 39) regarding Riccia iricho-

carpa: "At first the cells of the young thallus are without intercellular spaces, but at

an early period the outer cells of the young segments separate and form the beginnings

of the characteristic air-spaces" [italics ours]. Inasmuch as Campbell follows Leit-
geb's account for other Ricciaceae, so far as he gives any description of the air-chamber
formation, these nhra^^et; cf»pm tr» "ha^ro >^^t^ o^^;^^«*-„ii,, „« *.

t

mural rows of cells lying between the air ca\dties, the lid of the cavity is carried

rapidly upwards. This epidermal cell, which closes the air cavity, forms itself

into a stomate.

HoiMEiSTER also speaks of air cavities being formed in the '^stem"

by the lifting-up of a "single layer of cells," of \Yhich the central one

divides to form the ring that opens as a stoma.

This conception is obviously that of schizogenous formation, but the

separation was ascribed to the upgrowth of the lateral walls of the

chamber as the base and roof widen. With the exception of the

detachment of a single epidermal cell, what Hofmeister describes
w _

actually happens; but he observed only the later stages of develop-

ment and not the origin of the chambers.

This alleged origin was accepted by Sachs and was described by

him in the Lehrhuch der Botanik of 1874, whence it found its way into

the English edition, issued in 1882. There the statement occurs
J

(under the topic Iniercellidar spaces ^ be it noted)

:

The epidermal cells become detached from those lying beneath over rhom-

boidal areas, which are marked off from one another by w^alls formed of cells which

are not detached.

f

1

i

i
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i

all as do the intercellular spaces of higher plants, by the cells separating, nor even

by progressive cleavage from outside inward; but they apjx^ar originally as

depressions in the surface, which arise by definite points (always situate wheTe

four cells meet) lagging in growth and so becoming overgrown by the adjacent

parts.

While casually following the development of the spirelike air

chambers on the gamctophore of a species of Fimbriaria collected by

Dr. C, J. Chamberlain in ^lexico in 1904,^ our attention was attracted

to very young air chambers on a receptacle still very small. The
appearance of a cavity very close to the apical cell, and relatively

deep in the tissue, raised a doubt as to the possibility of its having

been overgrown so promptly by adjacent cells- On examining this
r

matter in the thallus, in longitudinal sections through the apical cell,

what we saw showed that a reinvestigation of the origin of the air

chambers was needed.
r

Accordingly, we' have examined as many of the Marchantiales

as have been easily obtainable. Although we have not studied all the

members of the group, but only representatives, the facts obsen'cd

are so uniform and unambiguous that it is unlikely there is any other

mode of origin than the one found in ever}' case examined. This

expectation derives force from the fact that our examination has

covered all types of air chamber, and that Leitgeb's extensive obser-

vations can be interpreted (as he himself confessed in regard to Mar-

chantia and Preissia) in consonance with schizogenous origin.

Inasmuch as Leitgeb's view is accepted at present and we con-

sider it untenable, we quote some of his very unequivocal declarations,

to show that he has left no doubt as to his meaning. Speaking of

the Ricciaceae, after describing the quadratic surface mesh formed

by the walls of the cells near the growing point, he says:^

Soon one observes at the corners small pits, which arise thus: the growth of the

lateral w^alls of the outer cells, in so far as concerns the direction at right angles

s Probably Fimbriaria echinella Gottsche.

^ Bald bemerkt man an den Ecken kleine Griibchen welche dadurch entstehen,

dass das Wachsthum der Seitenwande der Aussenzellen, insoweit als es sich in der auf

der Dorsal flache senkrechten Richtung voUzieht, in den Kanten geringer ist, als an den

iibrigen Stellen. Es entspricht daher der tiefste Punkt eines Griibchens dcm

(urspriinglich an der Oberflache gelegenen) anssersten Punkte der verkiirzt bleibenden

Seitenkante, und die das Griibchen umgrenzenden Wandstiicke sind Theile der

ursprunglichen Aussenwande, resp. aus diesen hervorgegangen. Indem nun dieser
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r

to the dorsal surface, is less at the corners than in the other parts. The lowest

part of a pit therefore corresponds to the outermost point

vertieft. Oberflache
ungcfiihr den die Grube umgrenzenden Theil derselben von dem inneren Theile

abschneidet. Aus den so entstandencn Aussenzellen geht nun das ganze, mit Luft-

niumen durchzogene Gc^\-cbe hervor. Vorcrst wird durch das in gleichcr Kichtung

fortschreitende Wachsthura das Griibchen weiter vertieft und so zum Canale, and nun

erfolgt in jcder Ausscnzelle eine der fniheren parallele Theilung. Der Canal durch-

setzt nun zwci ZclUagcn, deren ausscre zur bleibenden Oberhaut wird, wiihrend aus

der inneren Zellscliicht die ganze unter der Oberhaut liegcnde Lufthohlenschichte

hervorgcht.—Untersuchungen iiber die Lebermoose 4:10. 1879.

7 In Zusammenfassung der iiber die Bildung der Luftriiurae und SpaltofFnungen

ebcn gegcbenen Ausfuhrungcn ergibt sich also, dass die Luftkammern nicht im Gewebe
durch Auseinandenvcichen der Zellen entstehen, auch nicht durch eine von aussen

nach inncn fortschreitende Spaltung; sondem dass sie Einsenkungen der OberSache
dar5tellcn,.die dadurch gebildct warden, dass bestimmte Punkte der Oberflache durch

rascheres Wachsthum benachbartcr Partieen uberwachsen werden.—/. c, p. 12-

I
originally lying in the surface, which wall remains short, and the parts of the

wall bounding the pit are parts of the originally outer walls, or have arisen from

them. If this mode of growth be continued, the pit will of course be deepened.

Now there occurs in each cell a division parallel to the surface, which separates

approximately the part surrounding the pit from the inner part. From the exterior

cell thus formed, there arises the whole of the tissue pervaded by air chambers.

First of all, the pit becomes farther deepened into a canal by progressive growth

in the same direction, and now there follows, in each outer cell, a division parallel

to the earlier one. The canal now penetrates two layers of cells, of which the outer
r

becomes the permanent epidermis, while from the inner arises the entire tissue

containing the air chambers lying beneath the epidermis.
r

He continues:^
r

By way of summary of the foregoing exposition of the formation of air

chambers and stomata, it may be said that the air chambers do not arise in the

tissue by the separation of cells, nor by a progressive splitting from outside inward;

but that they represent depressions of the surface, which are formed by definite

points of the surface becoming overgrov^-n by the more rapid growth of neighbor-
j

ing parts.

This investigation Leitgeb extended by a study of the stomata of

Marchantiaceaej an account of which, published in 1880 (/. c,^ foot-

note 3), was reprinted, with only a few unimportant verbal changes,

in the last part of the Untersuchungen. After declaring the homology
w

of the air chambers and canals of Marchantiaceae with those of

Wachsthumvorgang noch weiter eingehalten unrd, wird das Grubchen selbstverstaridlich
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Ricciaceac, and pointing out the existence of inlcrmuJiatc forms, lie

says :^

Further, there docs not occur in the formation of the air chamlxir any scj);! ra-

tion of cells previously joined without interstices; nor does the roof of ilie nir

chamlx^r (epidermis) lift itself up secondarily from the underlying tissues, hut

it is formed simuUancously with the rudiment of the air chamlxr and grows in

breadth at equal pace with the broadening cliamlx-r-

Regarding Preissia he repeats:^

It (the formation of air chamlx^rs) begins with the formation of superficial

pits, which deepen to canals that later become closed again outwardly, as in the

carpophore.

And furtlicr:''^

I have not discussed hitherto the origin of these primary pits. We mighi

explain them by the splitting of the membrane, i. e., the separation of cells; and
the formation of aerating apparatus with simple openings would then l:>e con-

s Es fmdct also bci Bildung der Luftkammer cine Trennung friihcr interstlticnlos

verbundencr Zellen nicht statt, und die den Luftraum nach aussen abschlic^cnde

Dccke (Oberhaut) hcbt sich nicht secundar vom darunter licgendcn Ccwcbe ab,

sondem sie bildet sich schon zugleich mit der Anlage des Luftraumes, und w-i^h^t

nach Massgabe seiner Verbrciterung ebenfalls in die Breite.—Untcrs. iibcr die Lelxrr-

moose 6:6. iSSi.

9 Sie bcginnt mit der Bildung von obcrflachlichen Grubchen, die sich zu cjnem

Canalc vcrticfcn, der spiiter wie an den Fruchtkopfen nach aussen wicdt-r vr-rsch!"

wird.—/. r., p. q.

" Ich habe bis jctzt der Art der Entstchung jcner primaren Grijlxhcn nicht Erwah-

nung gethan. Wir konnu-n sie durch Spaltung der Mcmbran, d. h. dun h Trennung

Offfnunffl?

v .'henen Athmungsapparatcs a!s Folgc oiner von aussen nnch inncn for^^hrritf-n^lcn

Membranspaltung zn bctrachten scin, wo also die Bildung der CVffnung

ficcun Am I-auliT von

zwar

Trennung der Zellen (Membranspaltung) crfolgcn, und spalcr enit wflrd<' der

Athmungscanal—und wie die Beobachtung Ichrt—vun innm nach autten forischrcitcnd

gjebiidet wcrden. Fiir die Oeffnungen an den Fruchtkopfen miwte man sclbstvcn^tind-

lich annehmcn, dass hicr ebenfalls die Spaltung von au^en nach innen furUchnnle,

dass die Spalte aber spMcr durch .Aneinanderschlicssen der Zellen u.^^icr vcrsch^^indc

um erst weit spatcr wieder geoffnet zu werden.

dass g^gnct
die Vorgange von cinexn Gcsichtspunkte aus nt betrarhtcn, und sk n

n'nbar ganz verschicdenen Bildungen in Uebereinstimmung zu bringe

Ich habe im IV. Hcfte mciner Lebermoosunlersuchungen die Aniikht

zu begrundcn vcrsucht, dass jene primlren Grubchen nkht durch Mpi
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siclered as a result of progressive cleavage of the membranes from outside inward,

when the formation of the opening would be the primary, and that of the air cham-

ber the secondary process. So on the frond of Marchantia (and Preissia) the

air chamber would arise first (and indeed by cleavage of the cell walls), and only

later would the aerating canal be formed (as in fact observation shows) progress-

ively from inside outward. As to the openings on the carpophore, one of course

would have to assume that here likewise the cleavage advances from outside

inward, but that the cleft later disappears, on account of the pressing together of

the cells, and only much later again becomes opened.

But I think that another explanation is much more plausible, because it is

competent to consider the processes from a standpoint which brings them into

harmony with other entirely different structures.

In part IV of my Utitersuchiingen I have set forth and sought to establish the

view that each primary pit is not formed by cleavage of membranes,but arises in

consequence of peripheral growth in thickness. The deepest point of the pit thus

does not correspond with a point lying originally within the membrane of a

lateral wall, i. e., below the surface, but lay originally in the outer surface, and the

parts of the wall bounding the pit are therefore parts of the original outer walls,

or have developed from them. If the same growth process (which is really only

accelerated growth in area of the originally free outer walls) proceeds still further,

the pit will be deepened. Now as the air chambers (to be) arise exclusively by

growth in area of the parts of the walls bounding the pits, it follows that they must

be regarded as really depressions of the surface, which are formed by certain

tung sich bilden, sondern in Folge des peripherischen Dickenwachsthums entstehen.

Der tiefste Punkt des Grlibchens entspricht somit nicht einem urspninglich innerhalb

der Membran einer Seitenwand, also innerhalb der Oberflache gelegenen Punkt, son-

dern war urspninglich, in der Aussenfliiche gelegen und die das Griibchen umgebenden

Wandstlicke sind daher Thcile der urspriinglichen Aussenwande, respective aus ihnen

hervorgegangen. Indem der gleiche Wachsthumsvorgang (der eigentlich ja nur ein

gestcigertes Flachenwachsthum der ursprunglichen freien Aussenwande ist) noch

welter eingehalten wird, wird das Gnibchen vertieft. Da nun die spateren Luft-

kammem ausschliesslich durch Flachenwachsthum der die Griibchen begrenzenden

Wandstlicke entstehen, so folgt daraus, dass sie eigentlich als Einsenkungen der

Oberflache zu betrachten sind, die dadurch gebildet werden, dass bestimmte Punkte

der Oberflache durch rascheres Wachsthum benachbarter Partien iiberwachsen werden.

Es trifft hier bestimmte Punkte der Oberflache ganz dasselbe Schicksal, wie die anfangs

sogar tiber die Oberflache hervorragenden Mutterzellen der Geschlechtsorgane, welche

ja ebenfalls durch Ueberwachsen ins Gewebe versenkt werden. Die Hohlungen, in

welchen die Antheridicn und Archegonien z. B. bei Riccia liegen, entsprechen in ihrer

Bildung vollkommen den Luftkaramem, und da beide gleichzeitig angelegt werden,

miissen sie auch in gleiche Tiefe in das Gewebe hineinreichen, mit andem Worten, die

Basis der Geschlechtsorgane liegt in gleichem Tiefe mit der innern Begrenzung der

Luftraume, und wo die Organe zu Standen zusammentreten, sind diese ihrer ganzen

Tiefe nach von Luftkammem durchzogen und sitzen unmittelbar dem interstitien-

losen Gewebe auf.

—

L c, p. 9.
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points of the surface becoming overgrown by reason of the more rapid growth

of neighboring parts. There befalls these points quite the same fate as overtakes

the mother cells of the sex-organs, which at first indeed project above the sur£)ce,

but likewise become sunk in the tissue by being overgrown. The hollows in which

He the antheridia and archegonia (e. g., of Riccia) correspond completely in

their formation with the air chambers; and as both are laid down simultaneously,

they must attain an equal depth in the tissues; in other words the base of the sex-

organs lies at the same level as the inner boundary of the air chambers; and where

the sex-organs are aggregated in groups, they are surrounded for their whole

length by air chambers and are seated directly upon the compact tissue.

There is no doubt as to Leitgeb's meaning, for he has both put

his declaration positively and denied categorically the other possible

modes of origin. Yet it is clear, both from his figures and from his

description, that he saw many clefts which can be most easily inter-

preted as due to spHtting; but apparently he did not in all cases see

the earliest stages of the air chambers, which can be interpreted in no

other way. It is not surprising, however, that so good an observer

missed them, as he had at his command almost none of the modern

technique. Rather it is surprising that he saw so much and so accu-

rately, for with the best technique it is not easy to discern the first
F

cleavage.

A-priori reasoning, weak as it is, creates suspicion of the correct-

ness of Leitgeb^s view, and no figure of his shows any condition that

cannot be interpreted in consonance with schizogenous origin. It

is peculiarly difficult to conceive of a mode of growth such as he

describes, for nothing like it is known elsewhere. If the lowest point

of the pit is a point which originally

lay in the surface, and there is no

cleavage, then the progressive forma-

fig

the pit must be somewhat as in

In such a process the pit must

ery
Fig. I

.

Diagram of the
would show a reentrant angle; indeed,

^^^^ ^; ^.; ^^^^^^^ ^^^,,^,g
it is difficult to see why the pit would to Leitgeb.

not be closed by turgor as fast as the

adjacent cells grew up, unless one predicates rigidity at the base of

the dome or a rapid growth at "the very surface in which the upgrowing

cells did not share. When readv for the di\asions which are to pro-
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vide a roof for the widening chamber^ the form of the cellj necessary

under this mode of growth^ would seem almost to preclude so unequal

a division (4, fig, i). Certainly if the pit were open at the time the

first division took place, the cells cut off could only close it by later

growth. As a matter of fact, in Leitgeb's plates no such stages as

we have sketched are shown; yet if the pit is formed as he says, they

should be found. In spite of diligent search we have seen nothing

that could possibly be interpreted so.

Moreover, it is easy to see that Leitgeb was misled by his desire

to homologize the formation of air chambers with the formation of

pits for the sex-organs. So, though he admits seeing the primary

formation of intercellular spaces in Marchantia, Preissia, and Plagio-

chasma, he deliberately rejects the obvious explanation of splitting.

He did this in order to apply to Marchantiaceae the idea he had con-

ceived for Ricciaceae. So if it can be shown in Ricciaceae that the

intercellular space is formed by cleavage, and then splits out to the

surface, the immediate reason for such distortion will have been

cleared away, though it cannot be justified. Having homologized

the air chamber and sex-organ pit in Ricciaceae, he applied the

explanation perforce to Marchantiaceae.

Now in the case of sex-organs, it is easy to understand how the

^_^ enrow

whole cell line is retarded, while its neighbors surpass it. The initial

at first grows more rapidly than do the adjacent cells of the thallus,

the protuberance and finally the protrusion of the initial being the

visible evidence of its more rapid growth. Later the adjacent cells

outgrow the sex-organ and it becomes "sunk" in the thallus.

But in the matter of air chambers is involved the retardation or

the cessation of growth in a very limited part of the walls belonging

to four contiguous cells, while all the rest of these four walls and the

remaining sixteen grow throughout, and all decidedly outgrow the

portion of the four! While such a thing

it is wholly improbable and needs to be supported by most convincing

evidence. Such evidence Leitgeb nowhere presents, either in text

or figure. We propose to show, on the contrary, that the assumption
of such peculiar lagging is unnecessary, because all the observed

structures can be produced by common splitting, and the earlier stages

i
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can be produced in no other way. In presenting the evidence we
have selected only a few examples, and show in the drawings merely

the walls^ since to show the cell contents would only obscure the

essential features.

In the Ricciaceae we have examined only Riccia fluitans and R.

naians, in which the origin of the air chambers is exactly alike, though

the later course of development seems to be different. The origin

of both is certainly by internal cleavage, and it is quite evident that

the air chamber is wholly unrelated to the sex-organ pit. Fig. 2

furnishes conclusive evidence

on both points. An apical

cell ( ?) is at a; at ^ is a young

cleft and at - an older one^

which has promptly broken

out to the surface;- while ? is

a young archegonium. The
Fig. 2

—

Riccia nutans: a, apical cell (?);

fact that this organ is not yet j, 2, air chambers; 2 young archegonium.

overgrown by the adjacent

tissues^ while the air chamber ^
. is clearly defined, shows forcibly

how Leitgeb erred in homologizing the sex-organ pit and the air

chamber. In figs, j, 4, furihoi

stages of development are

shown and also the tendency

of the spaces to close at

certain points, py both at

surface and internally by the

outgrowth of cells.

The peculiar form of the

Fig. ^,—Riccia natans. Older air cham- thallus and the Suddcn tume-
bers; i internal; at p. p partial closure of . .^^ ^^ ^^^ ^.^^^^^ -^ ^ .^^.^

passage by outgrowing cell.

natans makes it very difficult

to trace the history in detail, and we are not prepared to make any

statement at present as to the later course of development of the

air chambers. The' system appears to be a complicated one; there

is rapid enlargement of primar)^ spaces, probably accompanied by

secondary cleavage and partitioning of the chambers.

In :\Iarchantia the splitting does not take place so early in the
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history of any segment and the enlargement of the intercellular spaces

proceeds much more slowly. Moreover, the structure of the thallus

makes it easier

to secure sections

through the apical

region, so that one

may readily ob-

serve the ongm

and follow the de-

velopment of the

air chamber. It

probableseems

Fig. 4.

—

Riccia natans. Nearly mature air chambers,
superficial and internal^ primary and secondary.

from our observa-

tions that the time

and place of the

first splittin or is

somewhat variable, depending upon the relation between cell division

and enlargement.

The normal position of the cleft is either in the center of a segment

of the apical cell near the surface or in the

center of one or another of its primary sur-

face segments
formed by a

further dvision.

Apericlinal divi-

sion of the seg-

ment may cut it

into a superficial

and an internal

cell. This super-

ficial cell is often-

^c--*- +u^ ^ 4.U Fig- ^.—Marchantia poly-
est the mother ,

^ . , ^^. r <,morpha: a, apical cell, /, 2,

cell of the cham- ^^ air chambers.

Fig. 6.~Marchantia poly- ber(/fo-.p). Then
morpha: a, apical cell; 2, 3,

air chambers.
two anticlinal walls, ^ ^, and another, ,

in the plane of the drawing, di\^de this

"mother cell" into four, a dextral and sinistral, an anterior and

t
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a posterior cell. Each is then divided, in the plane ^ **, into a

superficial and an internal cell by a periclinal division, and at the

intersection of these last walls with the preced-

ing anticlinal one^ ^2, the spHt usually occurs.

This is promptly followed by divisions, ^ ^,

to form the cells of pore margin and roof.

I^ fig' 5 the four nuclei mark the place of the

split; for were the division in progress com-

pleted, the cleft would appear at the corner

common to these four cells.

There is also more or less variation in the

course of development. Sometimes the nascent

chamber breaks out to

the surface and re-

mains wide open for Fig. y.—Marchanila

a time (fig. 7,
^
) ;

polymorpha: a, ^plcBl cell;

/ 1 2j 7, air chambers; at I
sometimes (and more ^ _^ -jr.^ the next one is due after

commonly) divisions division of outer cells.

Fig. 8.— Marchantia ^nsue SO promptly in

polymorpha: j, 2, air cham- the cclls above the primary cleft that the

!5!'!L/J.^''IL^''^^
^^' turgor of the newly formed cells keeps the

passage closed from the beginning {figs.

sion of roof cells.

6,

6.

3.

3.

s, 1,2

7;
3.

3

). These quickly divide {figs,

g) and by repeated divisions give

of the well-known form.

{fig

fig

Fig. 9 Marchantia

plate 12, of Leitgeb's Untersuchung

the earlier figures of his paper on the stomata

of ^Marchantia (/. 6., footnote 3), shows

clearly enough that he saw essentially similar

stages, though probably not such early ones

as we indicate. It was chiefly in the interpre- sion of the "mother ccir' of

tation of his obsen^ations that he went ^^ ^'^ chamber; the num-

astray.

V

polymorpha , Diagra

the course of normal

of

In Lunularia the process is similar in all

bars show the sequence

of walls.

Marchantia, though the ma
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not as vigorous as could have been desired. The spHtting is prompt

and the divisions follow so quickly that the roof and cells of the

pore margin are soon completed (fig. ii).

In Conocephalus also the formation

of the air chamber is rapid (figs. 12, ij)

and the details are not as regular and

therefore not as easy to follow as the

Fig. 10.—Marchantia poly- Marchantia. After the initial cleft has

!!'{!?' .Ir!!l'^ extended to the surface {fig. 12, ^) the

expansion of the tissues at first outstrips

the divisions which are to produce the roof, so that the chamber is

open
(fig, 12, 3^^,

fig, ij^ 3,4)^ Later the roof closes the chamber,

perhaps intermittently
(fig. 12, ^, fig. ij, *' ^), which only becomes

margin, with complete closure.

fn-

\

i

Fig. II.—Lunularia vulgaris: a, Fig. 12.

—

Conocephalus conicus: a, apical

apical cell; b, c, successive segments; cell; i-6, air chambers.
/, 2, J, air chambers.

JJ 6,7
).

ih

(figs

more or less completely, leaving only traces of their rhomboidal out-

lines on the surface.^ very

I

" Campbell found no e\^dence of air chambers in D. irichocephala, which we have
not seen. It would be very remarkable if the early stages were wholly wanting.
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the tissues concerned with the formation of air chambers have an

oedematoiis look; being soon greatly swollen, with scanty contents.

Fig. 13.

—

Conocephahis conicus: a, apical cell; 7-7, air chambers.

In consequence of the excessive turgor, apparently, the splitting is

very prompt and complete, so that the young internal space is difficult

to find. The air chambers de-

velop rapidly, and ''blow up,"

so to speak, within a short dis-

tance of the apex, only the ragged

walls and roofs, in section like a

letter Y, remaining for a time.

Fig. 14.

—

Dumortkra hispida (?):

a, apical region; /, 2, air chambers.

Fig. 15.

—

Dumortiera hispida. Older

air chambers, deformed by excessive

turgor.

It will be observed that the air-chamber region in Marchantia,

Lunularia, Conocephalus, and Dumortiera is superficial. By no
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means all of the tissues arising from the dorsal segments of the apical

cell show splitting, but much the greater part is compact, with no inter-

cellular spaces of

any kind, In

Fimbriaria and

Plagiochasma,

however, the

splitting involves

all the tissue

which arises

Fig. i6.—Fimbriaria echinella: a, apical cell; b-e, succes-

sive segments; z, 2, air chambers; in d cl secondary deep-

seated cleft.

from the dorsal

segments of the

apical cell, so

that a much

greater part of

the thallus is permeated by extensive and irregular air passages (fig.

i6), which make it almost as spongy as Ricciocarpus.

In Fimbriaria the primary splitting usually begins between the

cells arising from successive segments (fig. i6y ^' ^5 where lies

between segments c and d, and ^ between d and e). Later, and often

deep in the tissue, secondary splitting gives rise to intercellular spaces

which may reach the surface or may break into a primary space.

In Plagiochasma the splitting is likewise more pronounced between

the offspring of different segments (fig, iy)y but the secondar)^ splitting

if such it may be

called, occurs so

promptly and be-

comes so extensive

as to be hardly dis-

j

tinguishable from
the primary {figs. 18

y

^9.
F

air

3a, 4a
).

passages

The

are

open almost or quite air chambers.

uninterruptedly until

the pore margin is well begun {fig

Fig. 17,— Plagiochasma sp : a, apical cell; ^"3

There is never a wide and

'ea a roof forms, pari passu;

I
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but the passages are always deep and narrow, with hardly more than

the pore margin for a roof (fig. 21), There are many spaces near the

Fig. 18.

—

Plagiochasma sp.: a, apical cell; r-5, air chambers; 4a secondary

splitting between primarj' clefts 4^ 5.

surface which have no direct opening by pore {fig. 22 ^ c). These

connect doubtless with the spaces that do have pores {fig. 22 ^ 0).

Whether partitioning of the chambers occurs, as described by Leitgeb,

Fig. 19,

—

Plagiochasma sp.: a, apical cell; 1-4, air chambers; ja, secondary

splitting

by the outgrowth of cell plates in Plagiochasma and in Ricciocarpus,

we have not fully determined, though it appears probable; but the
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formation of the aerating system is mainly due to splitting and

growth.

How Leitgeb discounted the evidence of his eyes is well show^n

in the case of Plagiochasma,

in which he saw and figured

intercellular spaces/^ as to

which he remarks :^^

In P. Aiionia they (the air

chambers) appear in both longi-

tudinal and cross- sections very

commonly in the form of extremely

small intercellular spaces, like

those in ordinary parenchyma,

and one could scarcely dismiss the

idea that they are formed by cleav-

age in originally compact tissue^ did

not corresponding relations in other

species speak against this interpre-

tation.

Fig. 20.

—

Plagiochasma sp. Beginning

of pore margin.

As a matter of fact, corresponding relations in other species do not

speak against this in

terpretation^ but con-

firm it,

Finally we may point

out that, instead of homol-

ogizing the formation of

the air chambers in

Marchantiales with the

formation of sex-organ

pits, which it required

considerable distortion of

the facts to do, we have

brought their origin into

line with the much more

Fig.

complete.

21 Plagiochasma sp. Pore margin

Lebemioose

Form ausserst kleiner Intercellularraume, wie sie im gewohnlichen
Annahme

haufig

lichem fest gefugtem Gewebe. kaum von der Hand weissen, wenn nicht die entsprech-

enden Verhaltnisse bei den iibrigen Arten gegen diese Deutung sprechen wiirden.-
-

/. c, p. 64.

%

\
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general phenomenon, the formation of schizogenous intercellular

spaces.

Our conclusions may be summarily staled thus: The air chambers

of Marchantiales arise invariably by the splitting of internal cell

walls, usually at the junction of the outermost and first internal

»

Fig. 22.

—

Plagiochasma sp.: o^ air chamber opening through pore; c, closed

chamber.

layer of cells. Thence, in one type splitting proceeds outwardly

and inwardly more extensively than laterally, and lateral enlargement

of the chamber foliow^s by growth; while in the other type expansion

of the chamber is due to extensive inward splitting accompanied by

growth. The origin of the air chamber is in all respects like that of

intercellular spaces in the vascular plants.

The University of Chicago

XoTE.—The figures arc all drawn to the same scale and appear here

magnified about 550 diameters.
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THE DEVELOPMENT OF THE SPORANGIUM OF
LYGODIUM

CONTRIBUTIONS FROM THE HULL BOTANICAL LABOILA.TORY, lOI

R. BiNFORD

(with THIRTY-SEVEN FIGURES)

In his ''Studies in the morphology of spore-producing members''

(No. IV), Bower suggests a line of evolution from the Marattiaceae

to the Polypodiaceae, with the Osmundaceae, Schizaeaceae, Glei-

cheniaceae, Cyatheaceae, Hymenophyllaceae, and related forms as

representatives of intermediate types. The Marattiaceae and Poly-

podiaceae are well-worked groups, but the intermediate forms are

not so well known. Lygodium; one of the Schizaeaceae, has been

chosen, therefore, for the present study.

In his classical work on this family, Prantl^ considered the

morphology and the taxonomy of the whole family. His description

of the sporangium of Lygodium is here verified except in one point,

which will be mentioned later. The present work calls attention to
r

some points that have not been noted in other studies and emphasizes

some that have been quite neglected.

The material of the present study came from the Philippine

Islands and was collected by Dr. H. N. Whitford on Mount Mari-

vcles, Province of Bataan, Luzon, and was sent to the University of

Chicago for demonstration purposes. The species described in the

paper is L. circinatum; but L. flexuastitn was also examined and found

to be somewhat less variable.

Arrangement and sporan

ct

two rows on the ventral surface of the fertile lacinia, and are solitary,

i. e., there is only one sporangium in a sorus; Prantl calls this a

monangial" sorus. The indusium grows out around the spo-

rangium so as to form a pocket open toward the apex on the ventral side

I Untersuchungen zur Morphologic der Gefasskryptogamen. 2. Heft- Die

Schizaeaceen, morphologisch irnd systematisch bearbeitet. Leipzig. 1881.

Botanical Gazette, vol. 44] ]2i4

I
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of the leaf (figs. 7, 2). The sporangia arise in acropetal succession on

the margin of the lacinia (fig. j). The initial cell of the sporangium

appears as a marginal cell near the apex of the pinnule; and at first

it projects obliquely outward and forward. The indusium arises,

from the edge and ventral surface of the pinnule basal to the sporan-

Fig. I, Two pinnules bearing sporangia (ventral surface). X13.

—

Fig. 2. Dor-

sal surface of a pinnule. X 13.

—

Fig. 3. A longitudinal section of a pinnule showing

the sporangia.

—

Fig. 4. A longitudinal section of a pinnule showing the apex and an

early stage in the development of a sporangium and induslum.

gium (fig. 4). The growth of the indusium out from the edge of the

pinnule carries the base of the sporangium out, as shown in fig^3^ so

that it projects forward or slightly in toward the costa. The part of

the indusium which arises from the ventral surface grows out and for-

ward so as to cover the sporangium on the ventral side, but on the

dorsal side it is exposed for some time (figs. 5, 6). Later a forward

growth of lamina incloses the sporangium (fig. j), and carries its base

forward so that it projects in a ventral direction. It has thus beea

m-
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shifted from a marginal to a ventral position, and finally stands at

nearly a right angle to the plane of the lacinia.

As stated above, the initial cell of the sporangium appears near the

apex of a fertile portion of the leaf (figs. 7, 5, p). A part of one of the

segments of the apical cell enlarges and an oblique wall cuts in, either

II

Fig. 5. The ventral side of a pinnule showing that the sporangia are soon covered

by the indusium. X 130.

—

Fig. 6. The dorsal side of a pinnule showing the sporangia

not covered by the indusium, X 190.

—

Fig, 7. The apex of a pinnule showing an

initial sporangial cell. X980.

—

Fig. 8. A longitudinal section of a pinnule showing

the apical cell and a sporangial initial.—FiG. 9. An initial cell, s; and the beginning

of the indusium, a.—Fig. 10. The first division of the initial cell, the first wall coming

in on the anterior side, a, initial cell; i, first cell cut off. X980.—FiG. 11. The first

division of the initial cell, the first wall coming in on the basal side. X980.

—

Fig. 12.

A section showing the first and second cells cut off from the initial cell. X980.

fig^ A second wall

pposite

upon the first (fig. 12

upon the second {figs These

term

SU'
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walls are usually at right angles to the plane of the leaf. These

i

spora

Fig. 13. The third division of the

initial cell. X980.—FiG. 14. The third

division completed. X980.—FiG. 15. A
section showing the cap cell cut ofF by

the fourth division.

—

Fig. 16. A section

showing the cap cell and a division of a

wall ceil. X980.

—

Fig. 17, A section

perpendicular to the surface of the leaf

\

showing the long axis of the cap cell.

X980.

may be the result of the marginal initial cell. This question

naturally arises : Is the position of this cell such that the conditions

which determine the direction of

walls cannot produce the usual

tetrahedral form? I know of

no other fern which has the spo-

rangia arising on the margin of a

r

4

r

Fig. 18. A longitudinal section of the stalk of the sporangium showing the stalk

to be very short.—FiG. 19. A cross-section of the stalk. X980.

—

Fig. 20. A section

of a sporangium showing the early division walls of the stalk and' wall cells.

layer of tissue one cell thick. I found one instance in which the walls

were not at right angles to the lamina of the pinnule.
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The fourth division cuts off the cap cell (figs.^is, i6), which in
J

longitudinal section perpendicular to the leaf surface appears as

an arch over the central cell {fig. 17). This is the longest axis of the

cap cell.

The stalk.—The stalk is short and thick {fgs. i8, iq), the first

«

Fig. 21. The first division of the central cell. X980.—Fig. 22. The third division

of the central cell to form the third tapetal cell. X980.—FiG. 23. The young sporan-

gium after the three tapetal cells have been cut off.—FiG. 24. Anticlinal walls in the

tapetum.—FiG. 25. The first periclinal division in the tapetum.

—

Fig. 26. A later

stage in the development of the tapetum.

sporan;

(fig
Fig. 20

shows that the adjoining cells also contribute to the stalk.

The tapetum. tapetum is cut off from

{h
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i

i

i

I

(fig. 24) and then by periclinal walls {figs. 25, 26), making a many-
celled tapetum of two layers {fig. 27). It is not always dcfmitely two

layered, as shown in figs. 28 and 2q,

When the sporogenous tissue has

reached the mother-cell stage, or

somewhat before, the inner layer

of tapetal cells becomes greatly

enlarged {fig. 2g), while the wall of

the sporangium rapidly increases in

Many of the cells of the

tapetum become binucleate during

this period and the nuclei are to-

gether in the end next to the spo-

rogenous cells. Finally the inner

layer of the tapetum is disorganized

and the cytoplasm flows in around

the spore mother cells {fig. jo).

size.

Fig. 27. sporangium

two-layered tapetum. X480.—FiG. 28.||A section of the sporangium showing a doub-

ling of the inner tapetal layer. X480.

—

Fig. 29. A section showing a further develop-

ment of the inner tapetal layer and the beginning of the annulus, r, r. X480.

Fig. 30. The spore mother cell stage of the sporangium and the breaking down
of the tapetum. X480.

elopment

sporo The order of

events is as follows: first a comparatively small amount of growth
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in the sporogenous mass up to the mother-cell stage, and then a

large growth of the sporangium walL When the spore mother cells

have rounded off and the tapetum has entered in between them, con-

ditions are good for the growth of these cells and the spores, which

then grow rapidly. Thus we have an alternating growth between

the sporangium w^all and the spores, which relieves the nutritive
r

Strain.

The wall.—The outer wall of the sporangium is formed mostly
I

from the cap cell {figs, ji, 32). The first wall formed in the'cap cell

c

Fig. 31. A section showing the cells derived from the

cap cell arched over the sporangium from c to c, X 980.

—

Fig. 32. A section of a sporangium somewhat older than

the one shown in fig. 31. X980.—FiG. 33. A section of a

sporangium, cut parallel with the surface of the leaf, showng
the first division of the cap ceU. X 980.

is said by Praktl to be parallel with the leaf surface, but I find

that its position varies. Fig. jj is from a section cut parallel wnth the

leaf surface and it is here seen that the first wall is perpendicular to

plane of the lamina.

The annulus appears as a circle of cells, one to three cells wide,

on the costal side of the sporangium {figs. 2g, jo). These cells become

much elongated in the direction of their axes, which are parallel with

the sporangium wall and with the cell w^alls which separate them one

from the other. This development gives the sporangium a beaked

appearance. The ring is widest on the upper side, where the thick-

walled cells of the annulus extend out along the sides of the stomium,

which is perpendicular to the annulus and in the median plane of the

«

sporangium On the upper side the ring is three cells wade; on
o
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the under side it is only one cell wide. In this species the length of

the annulus cells varies somewhat, so that the line which is the border

of the ring is rather irregular.

The number of wall cells included within the annulus at the apical

end is twelve to seventeen.

The sporogenous mass.—The first division wall of the arche-

sporium is usually perpendicular to the longest axis of the central

cell {-jig, ji), w^hich is at first perpendicular to the leaf surface. Other

divisions are quite irregular, but some appear curved and parallel

with the first walls of the initial sporangial cell (fig. 28). The out-

line of the sporogenous mass becomes very irregular {jigs. 27, 28^ 2g),

and the tapetal cells thus dip down into it; this makes possible a

better nourishment of the sporogenous mass.

The sporogenous mass is rather large and made up of large cells;

I have counted as many as seventy-two mother cells, but sixty-four

seems to be the usual number. The number of spores per sporangium

is 242 to 258 by actual count. Some of the mother cells become

sterilized and function as nutritive cells {fig. 34). The mother cells

and newly formed tetrads occupy but a small portion of the cavity of

the sporangium {fig. jo). After the spores are formed there is a great

increase in their size, so that they finally fill the large sporangium.
^ +

The average diameter of the spore mother cell, newly formed tetrad,

and mature spore are respectively 0.025"^^, 0.028"^"^, and 0.075

Occasionally a dwarf spore is found.

Sterile sporangia.—The growth of the spores is apparently a

great drain upon the pinnae, so great that the young sporangia at the

apex are drawn upon for nutriment, and the sporogenous mass in

these sporangia is arrested in its development. They contain no cells

which take the stain in the manner characteristic of sporogenous

tissue; but the cytoplasm takes on a very loose fibrillar structure and

there is little material in the cell that stains at all. The outer layer

of the tapetum, which usually remains a thin layer of tabular cells,

takes on a very great development, the cells bulging into the cavity of

the sporangium like great haustoria; figs. 35, j6, and j/ show various

stages in this development. The cells of the wall at this time become

filled with food material and stain densely.

Relationships.—In the evolutionary line from Marattiaceae to

mm
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Polypodiaceae, suggested by Bower, there is a progress from coher-

ent to separate sporangia; from sporangia of definite orientation to

those indefinitely oriented; from imbedded to long slender-stalked

sporangia; from tapetum indefinite and derived from the tissue sur-

FiG. 34. A section through the sporogenous mass showing some of the cells break-

ing down, X9S0.

—

Fig. 35. A sporangium near the apex of the pinnule; the spo-

rangium is beginning to break dowTi and will not produce spores. X980.

—

Fig. 36.

Another stage in the degeneration of a sporangium near the apex of a pinnule. X48o-
—Fig. 37. Still another stage in the degeneration of a sporangium near the apex of

a pinnule. X480.

rounding the sporogenous mass to a definite tapetum cut off from the

central cell; from no annulus to annulus apical, oblique, and finally

vertical; and from indefinite massive sporogenous tissue, not all fertile,

but producing many spores, to a small definite sporogenous mass all

fertile and producing few spores. In all of these particulars Lygodium

falls short of the highest polypod type ; in all of them also it is above

the highest marattiaceous type.
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The orientation of the sporangia is definite; this is a character-

istic of the lower members of the series. The stalk is shorter and

more massive than any other form above Kaulfussia. The tapetum

i
is derived from the central cell, as in all the leptosporangiate forms;

but the peculiar enlargement of the ceils of the inner layer is more

characteristic of the lower members of the group. The position of the

annulus is the one postulated for the lower leptosporangiate ferns.

The large irregular sporogenous mass in which there are occasionally

sterile cells, and the large number of spores are also characteristic of

the lower leptosporangiate ferns.

The family to which Lygodium belongs has some characteristics

which cannot be considered as intermediate in this line of evolution,

but belong to this family only. The marginal initial cell of the

p sporangium, whose early divisions are of the dolabrate type, is not
* reported for any other ferns. The single sporangium in each sorus,

the large sporangium and spores, and the indusium, which in cross-

i section shows the tissue regions of the foliage leaf, are characteristics

w^hich in nature or degree of development belong only to this special

group of ferns.

In connection with the monangial sorus, Bowers has called atten-

tion to the fact that often Gleichenia has only one sporangium in a

sorus near the apex of the sporophyll. A comparison made by Zeil-

LER^ and emphasized by Bower (he. cii,, p. 43) brings out a close

connection between the fossil form Senftenbergia and the Schizaea-

ceae, and also connects Senftenbergia with the Osmundaceae by

I

r

I

(

means of the fossil form Kidstonia. Senftenbergia is found in lower

horizons than most of the marattiaceous ferns, and is the most ancient

fern whose sori are well known; these sori are monangial.

Osmundaceae, Kidstonia, Senftenbergia, and Schizacaceae form a

series in the development of the annulus, and, as Bow^R (loc. cit.) has

pointed out, the position of the annulus in Gleichenia corresponds in

some points to that in the Schizaeaceae.
J-

But after all these comparisons are made, the peculiarities men-

tioned above are so striking and apparently so well established, and

3 Studies in the morphology of spore-producing members. IV. Phil. Trans.

i^oy. Soc. London B. 192:33, .

4 Bull. Soc. Bot. France 44:95.
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the relations of Lygodium so ancient, that we can hardly consider it to

be very close to the evolutionary line that leads to the Polypodiaceae.

It seems rather to have appeared very early in the evolution of lepto-

sporangiate ferns and to have progressed in a line somewhat divergent

from the main line leading to the polypods.

This work was done under the supenision of Professors John M
Coulter and Charles J. Chamberlain.

+

GuTLFORD College, N. C.
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BRIEFER ARTICLES

NAMES OF NORTH AMERICAN TREES

The following changes in the names of North American trees as pub-

led in the Silva oj North America and in the Manual of the trees of

North

nomenclature adopted by the Vienna Congress of 1905.

Magnolia foetida Sarg. =M, grandiflora L.

Fremontodendron Californiacm Cov,=Fremontia californica Torr.

(Silva 14:97)-

Aesculiis glabra vslt. Buckleyi Sarg.—As. glabra var. arguta Robs.

(Silva 14:97),

Rhus hirta Sud\v.=R. typhina L. (Silva 14:99),

Ichthyomethia P. Br. being one of the genera excluded by the Congress

without regard to its priority, 7, pisifera A. S. Hitch. ==Piscidia Piscipula

Sarg. (Garden and Forest 4:436),

Pruniis integrifolia Sarg. (Man. 531) must be retained if this tree is

considered specifically distinct from P. ilicifolia Walp.; but if it is con-

sidered a variety of that species it becomes var. occidentalis Brandegee,

and the variety integrifolia Sudw. disappears except as a synonym.

Pyrus rivtilaris Doug, ex Hook. =Mali]

Amelanchier Canadensis var. spicata Sarg. =A. canadensis var. rotun-

difolia Torr. and Gray. A, ohovata Ashe (Man. 61) = A, intermedia

Spach.

Chytractilia P. Br. being one of the excluded genera, C Chytrandia

Sarg. (Man. 629)=Calyptranthes Chytraculia Sw., as published in

the Silva (5:36).

Icacorea Aubl. being one of the excluded genera, /. panicidata Sudw,

Ardisia Pickeringia Nutt.

Morodendron Britt.=HALESiA L.; M, Caroliniim Britt,=^ H. Caro-

lina L,; and J/, dipterum Britt.=H. diptera Ell.

Catalpa Catalpa Karst. = C. bignonioides Walt.; C. speciosa Engelm.

must be written C. speciosa Warder ex Engelm.

Sassafras Sassafras Karst.=S. variifolium (Salisb.) Otto Kuntze.

Uhniis Thomasi Sarg. (Silva 14:102) =U. racemosa
/

Maclura

225] [Botanical Gaaette, vol- 44



226 BOTANICAL GAZETTE [September

Hicoria being one of the excluded genera, H, Pecan Britt. ^Carya

Pecan C. K. Schn.; H. Texana Le Conte = C. tex^vxa C. K. Schn.; H.
M

minima Britt. = C. coRDiroLiA C. K. Schn.; //. myristicijormis Britt.==

C. iTYRiSTiciFORMis Nutt.; H. aquatica Britt. = C. aquatica Nutt.; H.

ovata Britt. H
C. carolixae-septentrionalis C. K. Schn.; H. laciniosa Sarg.=C.

'Laciniosa C. K. Schn.; H. alba Britt. =C. alba K. Koch; H, glabra

Britt. = C. GLABRA C, K, Schn.; H, villosa Ashe = C. villosa C. K. Schn.

Qiiercus minor Sarg. =Q. stellata Wang.; Q. acuminata Sarg. =

Q. Muehlenbergii Engelm.
;
Q, plafanoides Sudw. — Q. bicolor Michx.

;

Q. breviloha Sarg. = Q. Durandii Buckl.; Q, Calijornica Cooper = Q.

Kelloggii Newb.; Q. digitata Sud\v.=Q. cuneata Wang.; Q. nana

Sarg,=Q, iLiciFOLiA Wang.; Q. brevijolia Sarg.=Q. cinerea Michx.

Fagus Americana Sweet =Fagus eerruginea Ait. (1789), but an older

name, Fagus grandifolla Ehrh. (1788), should be adopted.

Alniis Oregona Nutt. = A. rubra Bong,

Yucca arborescens Trel. = Y. brevifolia Engelm. ; Y. radiosa Trel. = Y.

ELATA Engelm.

Tumion being one of the excluded genera, T. taxijolium Greene =

ToRREVA TAXiFOLiA Am.; T, Californictim Greene ^^TorreyA cali-

FORNICA Torr.

Sequoia Wellingtonia Seem. = Sequoia gigantea Dec.

Pimis qiiadrijolia Sudw.=P. Parryana Engelm.; P. attenuata Lem-

mon=P. TUEERCULATA Gord. ; P. divaricata Du Mont de Courset=P.

Bankslana Lamb,

Larix Americana Michx. =L. laricina K. Koch.

Picea riibens Sarg.=P. rubra Dietr.; P, Parryana Sarg.=P. MeN-

ziESii Engelm. (not Carr.),

Pseudotsuga miicronata Sudw.=P. taxifolia Britt.

The fact that Zygia and Bucida, two of Patrick Browne's genera, have

been omitted from the excluded list of genera shows how a list of this sort,

prepared by a few men largely by personal preference and without regard

to priority of publication, can become unsatisfactory in practice. Zygia is

the oldest name for the genus usually called Pithecolobium Mart., and

Bucida is the oldest name for the more familiar TerminaJia L. They are

in the same case as Ichthyomethia, Chytraculia, and other genera of Pat-

rick Browne which are excluded. Moreover, the retention of Zygia is com-

plicated by the fact that the name has been used for an African genus

gnized

the name for a section in the genus Albizzia Durazz.

h
L

i-
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On the whole the few changes in the names of North American trees

necessitated by the adoption of the Vienna code are not greatly to be

regretted. The substitution of Carya for the now generally accepted and

excellent name of Hicoria for the hickories is unfortunate, although it

cannot lead,to much confusion. More serious is the change in the name
of the Rocky Mountain spruce, now known and cultivated in all northern

countries as Picea pungens Engelm. {P. Parryana Sarg. of the Silva).

The name of this tree must now become P. Menziesii Engelm. (not Carr.),

although this unfortunately is the name by which P. Silchensis Carr. of the

northwest coast, was long known, and is still cultivated in many European

countries, especially in Great Britain, where it is a favorite ornamental

tree.—C. S. Sargent, Arnold Arboretum,

i

REMARKABLE 7 IN FERNS

I

\

4

(WTCTH ONE figure)

While studying the embryolog}^ of ferns during the past year in Indiana

University, some prothallia of Onodea slrutJiiopleris were supplied me,

which had been preserved ten hours after the

introduction of spermatozoids. From one of

these prothaUia especially good preparations

were obtained, showing various stages in the de-

velopment of archegonia up to normal fecunda-

tion. Two cases of polyspermy also were found,

of which the most remarkable one is shown in

the accompanying figure. No less than seven

spermatozoids were counted, entirely within the

nuclear membrane and occupying the central

part of the nucleus. Nothing in the appear-

Section of egg cell of

Onocka striithiopteris, sbf)W-

ing seven sperms (four

entire and sections of the

above the egg cell.

ance of the egg, either in the cytoplasm or other three) entirely within

nucleus, indicated an abnormal condition of the egg nucleus and three

the egg or egg nucleus. The chromatin net- T™'.._^__!^ln'''"''''''^

work was broken up and irregularly massed,

but it could hardly have been otherwise after the entrance of so many

spermatozoids. Four of the spermatozoids, as shown in the figure, were

obtained entire in one section, three others being cut in two and lying

in the neighboring sections. Three spermatozoids, which did not suc-

ceed in entering the egg, lie in the concavity just above it.

—

William I^.

WoodBURN, Indiana University.

1
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BOOK REVIEWS
Two ecological monographs

Climatic adaptations.—Supported by a grant from the Royal Prussian Acad-

emy of Sciences in Berlin, Dr. Carl Holtermann was able to spend some time

at the botanical gardens in Peradeniya and Buitenzorg, where he carried on in-

vestigations upon the anatomy and physiology of tropical plants, returning to

Berlin with a very rich collection of alcoholic material, only part of which has

yet been investigated. The first fruits of these investigations form a bulky volume

(which might easily have been made less imposing and more convenient) upon

the influence of climate on the structure of plants.^

The work is dedicated to Schwendener (in honor of the fiftieth anniversary
F

of his doctorate), and the author naturally looks upon plants from the same

view-point as the Meister—"dass im inneren Bau der Pflanzen eine weitgehende

Zweckmassigkeit herrscht, dass Bau und Funktion bis in die kleinsten Einzel-

heiten in Harmonie stehen."

In the first section, on the transpiration of tropical plants, Holtermann

shows that both Haberxandt and Giltay are right in certain points. The

maxmaum m
all there are certain periods, lasting from four or five hours to one or two days,

in which transpiration is so extremely vigorous that the plants suffer for lack of

water. As compared with European countries, the total transpiration in 24 hours

is less; in the middle of the day, however, it is often decidedly greater in the

moist tropics, values being obtained which are not reached even in the hottest

days in Berlin; yet these maxima usually last only a few hours. In rainy weather,

for days together transpiration ceases entirely. This, as Holtermann points

out, is not surprising to pupils of Schwendexer, who for more than a generation

has treated transpiration in his lectures as a necessary physical process, which

indeed induces physiological consequences, but is no indispensable function.

The wonderful vegetation of those regions where the rains for months at a time

are continuous, or are at most only replaced by a dense fog, speaks strongly against

the prevalent view of evaporation as a function; and so do Holtermann' s experi-

ments with Impatiens, which grows well in saturated air.

The second section, on tropical vegetation zones, is devoted to showing how

the members of the various plant societies show like anatomical adaptations to

Klimas

Anatomisch-physiologische

fiS^' 7- P^^' ^^- Leipzig: Wilhelm Engelmann. 1907. M
228

Imp. 8vo. pp, viii+ 247
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the climate. He directs attention especially to the water-storing tissue, which he

declares to be no xerophytic character (i. e., one that serves as an adaptation to a

A • long dry period), but to have its relation to the transpiration of plants that have

only to endure short dry periods. This tissue is almost confined to leaves of tropi-

' cal and subtropical regions, where by the frequent rains and by the dews, which

are heavy even in the dry periods, it can daily be refilled, quite independently of

the roots. This refilling Holtermann claims to have established experimentally;

but the report is not convincing, particularly as this process is alleged to take

j

place through the epidermis. If water can come in so, it can go out so; and the

plant would be the gainer only when the period of evaporation was shorter than

the period of absorption.

The third section discusses the leaf fall in the tropics. This, Holtermann
holds, is dependent on internal conditions which become active under the influence

of climatic factors. Leaves which fall off at the beginning of a dry period are not

built to withstand drought; and even if the fall be delayed by favorable conditions,

it is only delayed, abscission having become a hereditary peculiarity.

The formation of growth zones is the fourth topic. The author undertakes

to show that the formation of zones in secondary wood is incited by climatic

(

I

i

I

upo
« * « «

nally by direct adaptation, has become heritably fixed. J

# factors act, he thinks, will always remain a problem.

powers

The last section, on direct adaptation, deals with water-storing tissue, gutter-

pointed and emarginate leaves, dwarfing, etc., as "caused" by definite external

conditions. Such new characters, called out at first by the release of laten:

Tnay become fixed and heritable, just as leaf fall and growth rings, or under other

conditions may again disappear.

The book is full of interesting observations, which are unfortunately not easily

accessible for lack of an index.—C. R. B.

Ecology of West Australia.—The series of monographs on plant geography^

has received a notable addition in the se\^enth volume, dealing with the flora of

southwestern Australia, 3 by Dr. Diels. His thorough knowledge of the herbarium

material from this and similar regions, and his wide acquaintance with plant

distribution made him able to plan and execute in the most profitable way the

journey which he undertook in igoo-1902, in company with Dr. Peitzer, with the

support of the Humboldt fund of the Royal Prussian Academy of Sciences.

The systematic results have already appeared, in collaboration with Peitzer,

I in Engler's Botanische Jahrbiicher. In this volume we have first, by way of

^ Engler, a., und Drude, O., Die Vegetation dcr Erde. Sammlung pflanzen-

'graphische 896—

3 DiELS, L., Die Pflanzenwelt von West Australien sudlich des Wendekreises

Imp. 8vo. pp. xii+ 413. / map, figs. 82, pis. J4. Leipzig; Wilhclni Engelniann. 1906

*^ 36, geb. 37.50 (subs, price M 24, bound 25.50).

K
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introduction, the outlines of plant distribution in the whole continent; then the

history of botanical exploration in extratropical West Australia; the physical

geography of this region; an ecological study of the vegetation of the southwest

province, lying near the coast, and that of the Eremaea pro\ince, which fills the

rest and extends far beyond the bounds of West Australia; and finally a discussion

of the floristic regions, the elements of the flora, its relations to others, and its

developmental history.

It is quite impossible to summarize this work, or to do more than direct atten-

tion to it as a thorough and careful report of the present state of knowledge regarding

this bit of that great continent. For only a beginning has been made around the

edges; and only a realization of the fact that in the interior there are great stretches

that probably present a nearly uniform vegetation, prevents one feeling unduly

the meagerness of the present knowledge, even with this great addition.

DiELS finds that in this geologically little disturbed southwestern region there

has been the quiet development of a flora quite at one originally with that in the

east, though the two are now widely separated by the Eremaea province, and the

eastern flora has been disturbed by competition with other elements. In the spe-

cially favorable conditions of the southwest, however, development along lines of

progressive endemism has brought many genera to remarkable expansion and

high differentiation. Diels rejects as an error the idea of many authors (notably

Wallace) that the West Australian flora represents the original one, which spread

east; he considers it rather as an old panaustralian one, further specialized. The

Eremaea flora prevails in a climate which could not have corresponded to the

conditions of the old Australian flora; it is rather a selection from the primitive

flora adapted to the gradual drying and enriched from the tropical north. Finally,

there has come the disturbing influence of man. Even the aborigines set fire to

the "bush," and the Europeans, in the seven decades of their occupation, have

wrought still greater changes.

The illustrations are numerous. Part are half-tones, from photographs by

Pfitzer; part are detailed drawings, after the style of the PflanzenjamilieHj of

the characteristic species. A topical index and one to plant names (not as con-

venient as a single one) makes the matter readily available.—C. R. B.

Plant geography

In spite of our tardiness in reviewing it, we cannot forbear calling attention

to the brief discussion of certain central topics of plant geography by Count

Solms-Laubach.4 The book has erown nut of ]prtiirp.<^. mven \\v\ce in the course

Graf
Pflanzengeographie in kurzer Darstellung. 8vo. pp. x+ 243. Leipzig: Arthur

Felix. 1905. M 8.

This work was received at the close of 1905 and was sent at once to a competent

reviewer, but was overlooked and recently returned at the editors' request.
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of twelve years at the University of Strassburg, and was prepared for the press at

the solicitation of friends.

The author enters a disclaimer as to any originality except in the selection of

the material and its presentation. His purpose is quite other than that of Grise-

BACH, Drude, and Schimper, who have sought to present the facts of plant dis-

tribution in a comprehensive way. Solms-Laxjbach discusses several large topics,

whose enumeration sufficiently indicates the scope of his work: species and their

alteration in time; the habitat; the occupation of habitats by species; the dis-

turbance of the equilibrium of distribution by external causes; island floras. In

discussing these topics he cites illustrative examples, but omits pictures and lists

of vegetation. A historical introduction and a brief recapitulation of the most

general principles of geographic distribution form a suitable preface to the special

topics.
,

Under the topic ''the species" we find a discussion of the origin both of the

concept and the corresponding plant groups, in which the concepts of Linnaeus

and Jordan and the theories of Lamarck, Darwin, Nageli, and DeVries are

set forth. The topic ''habitat" includes a discussion of the relations of external

factors to plant form—-"adaptations" in the broadest sense. The means and

methods of distribution, which make it possible for plants to occupy a habitat, are

described briefly. Alterations in the habitat by invasion of plants, and especially

secular alterations of climate, such as that involved in the last glacial period, with

the consequent migrations, are discussed at some length. The insular floras, as

conditioned by the hindrances to plant distribution, are characterized briefly.

As a book for reading in connection with the more systematic works, these

lectures will be found serviceable as well as inteiresting.—C. R. B.

MINOR NOTICES

Contributions from the Gray Herbarium.—The current number of this scries^

contains four parts: I. "New species of Senecio and Schoenocaulon from Mexico,"

by J. M. GREENM.A.N, 3 new species of the former genus and 2 of the latter being

described. IT. "New or otherwise noteworthy spcrma

Mexico," by B. L. Robinson, new species being described under Tigridia, Schocp-

fia, ]Mimosa, Pedilanthus, Bonplandia, Brittonastrum (3), Russelia, Stemodia,

Piqueria, Stevia (2), Eupatorium (10), Brickellia, Guardiola, Zinnia, Per)Tnen-

ium. Coreopsis, Tridax, Pericome, Tagetes, Cacalia (3), Perezia (2); and two

new genera of Compositae, Cymophora (Helianthieae) and Loxoihysanus (Helen-

. ieae). III. "New plants from Guatemala and Mexico, collected chiefly by

C. C. Deam," by B. L. Robinson and H. H. Bartlett, new species being de-

scribed under Polypodium, Paspalum, Fuirena, Myriocarpa, Polygonum, Ruprech-

tia, Aeschynomene, Mimosa, Tetrapteris, Euphorbia, Acalypha, Clus.ia, Rinorea,

5 Contributions from the Gray Herbarium of Harvard University, N. S. 34. Proc.

Amer. Acad. 43:19-68. 1907,
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Hybanthus, Ipomoea, Cordia, Russelia, Tetrameriunij Isertia, Liabum (2).

IV, ''Diagnoses of new spermatophytes from ^rexico," by M. L. Ferxald, new

species being described under Carex, AInus (2), Heliotropium, Salvia (9), Castil-

leja, Ruellia.—J. M. C.

Bicentennary of Linne-—^In connection with the Linnean celebration at the

University of Upsala, a series of eight publications has been issued. In general

the volumes contain reprints of some of the most interesting minor papers of

Linne, which thus become accessible to a far greater number of readers. For

example, the '^ Invitation du recteur pour assister aux fetes'' is a paper of 107

pages, consisting chiefly of a reprint of Linne's ''Cultur der Pflanzen." The

announcements in reference to the conferring of doctor's degrees in philosophy,

medicine, law, and theologj' are four volumes of reprints. There is also a special

publication, "Linne och Vaxtodlingen," edited by Swederus. The first (pp. 341)

of four volumes containing the correspondence of Linne is also included. The

most elaborate member of the series is the *'Linneportratt/* prefaced by a colored

portrait of Linn^, and containing reproductions of numerous other portraits,

busts, medals, etc., as well as a description of the 515 portraits (paintings, medals,

etc.) in the collection of the University. The University of Upsala has certainly

spared no labor and expense in doing honor to her illustrious professor.—J. M. C

Genera Siphonogamarum.—The tenth fascicle of Dalla Torre and Harms's"^

list of the genera of seed-plants continues the general alphabetical list of names,

the last entry being Macrocarpium.—J. M. C.

NOTES FOR STUDENTS
Fungi in termite nests.

—

Petch gives an account of the fungi found in certam

termite nests in Ceylon, which grow from the combs found in the chambers. The

fungus flora of the combs in their normal state seems to be limited to few species

which occur almost pure. The only form on the normal comb is a hyphomycete

which was not determined, but from the descriptions seems to be like Sterigmato-

cystis. This fungus seems to be endemic in the nests, according to the author

not being found outside them.

WTien the combs grow old they give rise to two forms of agarics, which, however,

the author regards as one species. Both have been described under several

names from material sent to Europe, These agarics arise from combs at a con-

siderable depth below the surface, so that their roodlke stalks attain an average

length of 30^°^. The lower part of the stalk is black, while the upper portion is

white. The first form is marked by the absence of an annulus and by the peculiar

fact that only a single plant develops from each comb. Although a large number

start, only one pushes its way to the surface of the ground. All the other rudiments

fail entirely- to develop, so that it is not possible to find specimens which have

6 Dalla Torre, C. G. de, and Harms, H., Genera Siphonogamarum ad systema

Englcrianum conscripta. Fasc. ro. pp. 721-800. Leipzig: Wilhelm Engelmann.

1907. M 6.
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pushed part way through the earth. The second form differs from the first in the

possession of an annulus and also in its habit. Several plants of this may arise

from the one comb, while at the same time many immature specimens capable of

further growth may be present in the comb.. The author regards the presence

or absence of the annulus as an accidental character due to the conditions of

growth; and, since the forms are identical in every other respect, he considers

them to belong to a single species which he calls Volvaria eurhiza, reducing the

other names to synonjTns. Whatever may be said of the identity of the two forms,

this disposition is entirely erroneous, for Volvaria has a free valve at the base of

the stem, but possesses no annulus. These forms, judging from the descriptions

and figures, have no free valve; • but one has an annulus while the other has not.

They will probably find a place in Pluteus or Annularia.

Beside the fungi described, a third form seems to be quite universally present

in the fresh termite comb, although this form, which is determined as Xylaria

^ nigripeSy does not appear in the nests. If, however, the combs are removed and

kept under bell-jars, the Xylarias always appear, forming first a conidial stroma,

which is followed by the development of perithecia. The author l^elieves that

the Xylarias do not appear in the nests merely because they are eaten off by the

termites as soon as they appear. Other forms of fungi growing on the combs when
placed in a moist chamber are probably accidental saprophytes.

^ All of the forms described are eaten by the termites. When an inhabited

comb is inclosed under a bell-jar the termites eat off the heads of the hyphomyccte

and also the Xylaria as it develops. They also eat the stalks of the agarics, follow-

ing them to the surface of the ground. It is probable, therefore, that the fungi

of the termite nests form food for the inhabitants, as do the "fungus gardens*'

for the leaf-cutting ants. It is difficult to prove this definitely by experiment,

for in the absence of other foods the termites will eat many substances which do'

not ordinarily form part of their ration.—H. Hasselbring.

t

Sperms of Cycas.^

—

Shibata and Miyake? have been experimenting with

1

1

sperms of Cycas. Material was sent from southern Japan to Tokyo late in Septem-

.j
l:>er and early in October, at which time the pollen tubes are discharging their

sperms. Experiments with various solutions showed that the sperms either lack

chemotactic irritability, or chemotaxis can take place only under some unknown

)

i

V
li

i external conditions. If chemotactic irritability has been lost, fertilization must

,
be accomplished by mechanical means. It is interesting to note that the con-

tents of the archegonium, while they seem to exert no influence upon Cycas

I
sperms, nevertheless attract those of some pteridophytes.

—

Charles J.

^ Chamberlain.
« CoRRENS® has tested the influence of external factors on the sex-condition

7 Shibata, K., and Miyake, K., Some observ-ations on the phj^iolog}' of Cycas

spermatozoids- Botanical Magazine 21:45-48. 1907. '

8 CORRENS, C, Zur Kenntnis der Geschlechtsfonnen polygamer Bliitcnpflanzen

und ihrer Beeinflussbarkeit. Jahrb. Wiss. Bot. 44:124-173. figs. 4. 1907.
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of g}^nodioecious plants. His studies in the inheritance of these plants had led

him to believe that some plants which he had classed as pistillate were really

bisporangiatCj and he now finds support for this conclusion in the fact that lessened

nutrition (using the term in its widest sense) decreases the development of the

stamenSj and, in the cases more nearly approaching starvation, suppresses them.

Gynomonoecious individuals give evidence for the same fact in that the bispoi'an-

giate flowers occupy the most advantageous places in the inflorescence, and appear

in the greatest proportion at the height of the flowering season, the earlier and

especially the later flowers being largely or entirely monosporangiate. The truly

pistillate plants cannot be made to produce bisporangiate flowers through increased

nourishment. This is held to support the author's view that the pistillate form

in gynodioecious species and the staminate form in androdioecious species are

fundamentally distinct and have arisen from the original bisporangiate forms by

mutation, and that they are not to be accounted for as the gradual accumulations

of minor advantageous fluctuations, nor as due in any way to ordinary physiologi-

cal response. There is some indication of the presence of distinct "lines" in

Satureia hortensis, in Johaxxsen's sense. Correxs. adheres strictly to the view

that nothing heritable can originate except through mutation, holding with

Nageli and others that the essence of mutation lies not in the size of the step but

in its heritability.—G. H. Shull.

Halophytlsm.—From his study of the flora of the sea coast at Cagliari, Casu^

found three features which appeared to depend upon the presence of marine salts

in the soil: (i) the sporadic distribution of the plants and their general dwarfing;

(2) the prevalence of herbaceous over woody plants in number and extension of

species; (3) the prevalent ubiquity of certain species in contact with saline solutions.

In order to elucidate these points, he has made a special physico-chemical study

'of the soil of the beach and shore at the surface and at various depths, both w^hen

seeds were just germinating and when plants were growing, and has compared

composition After summarizing the very

contradictory statements made by other observers, which are due, he thinks, to

mi

to study the physiological resistance of plants to sea salts under natural conditions.

His results agree in showing that the phenomena named above are quite independ-

ent of the toxic or the nutritive value of the salts and are rather a multiform effect

of more general conditions. Thus, by way of summary he says: the presence

of germinating plants at the time of the reactivation of vegetation depends on the

presence of organic residues at the surface of the soil and on its hardness; the

true factor of distribution of the species is the physico-chemical structure of the

soil; the prevalence of herbs and dwarfing are due to impoverishment of the soil;

neither the percentage of salts in contact with the roots nor that of any single salt

9 Casu, a., Contribuzione alio studio della flora delle saline di Cagliari. Parte III.

Resistenza fisiologica della flora delle saline aU' azione del sale marino. Annali di

Botanica 5:273-354. 1907.
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has any relation to the luxuriant or to the meager development of the plants;

so the problem remains unsolved why certain species live exclusively on the salt

^ beach in contact with salts. If it is solvable, Casu says the clue must doubtless

t be sought in a profound and accurate study of the histological structure of the

halophyte itself. To us that sounds hopeless.—C. R. B.

Polymorphism of Hymenomycetes.

—

Lyiian^*' has made culture studies of

certain Hymcnomycetes, giving especial attention to w^oody and incrusting species,

the primary object of the research being to obtain further knowledge of polymor-

phism in the group. The summarized results contain the following facts. The
basidiospores of about 75 species of Polyporaceae, Hydnaceae, and Thelephoraceae

were germinated and grown in pure cultures, and about 40 per cent, of them

were found to possess some secondary method of reproduction, usually mycelial

oidia or chlamydospores. Oidiawere not found among the Thelephoraceae and

Hydnaceae, but were produced by one-half of the species of Polyporaceae studied.

Chlamydospores have been known in a few agarics and in a considerable number

of Polyporaceae, but, aside from certain doubtful cases, were not known among the

lower Hymenomycetes. The author found them much more common, especially

upon the mycelium, than was known previously; finding them in over one-fourth

^

of the species cultivated. Conidia or other rather highly specialized secondary

methods of reproduction were found in seven species, all belonging to Thele-

phoraceae except Lentodium. The general conclusions are that a considerable
X

majority of Hymenomycetes possess no secondary spores; that oidia are common
among the Agaricaceae and Polyporaceae, and are confined to these two families;

that chlamydospores occasionally occur in connection wath the basidio-fructifica-

tion, and are quite widely distributed on the mycelia of all families; and that

conidia and other highly specialized secondary methods of reproduction are rare,

occurring more frequently in the Thelephoraceae than in the higher families.

—

J. M. C,

I

Precipitin and relationship,—The precipitin reaction discovered by Kraus

and more fully marked out by TscHiSTOwaxscH and Bordet, and others, has

. been used by Magnus and Friedknthal" in an attempt to show experimentally
+

the relationship of plants. The experiments were conducted as follows. Extracts

containing albuminous substances were prepared from yeast, Tuber, and Agaricus,

by the method used by Buchner in the preparation of zymase solutions from

yeast. These extracts were injected into animals, and after 12-14 days serum

from the animals was treated with small quantities of the albuminous extracts.

The yeast extract gave a precipitate with the serum of the animal that had been

treate.d with yeast extract, a slight cbudincss with the serum of Tuber, but ntmc

I

1° Lyman, George Richard, Culture studies on polymorphism of Hymenomy-

cetes. Proc. Boston Soc. Nat. Hist. 33:125-209. pis. T8-26. 1907.

" Magnus, W., and Friedknthal, Hans, Ein experimen teller Nachwcis natiir-

licher Verwandschaft. Ber. Deutsch. Bot. Gesells. 24:601-607. 1907.
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with the serum of Agaricus. The Tuber extract gave strong precipitation both

with Tuber serum and with yeast serum, but none with mushroom serum. The

mushroom extract gave a precipitate only with the serum of the animal treated i

with mushroom extract- From these experiments the writers infer that the yeast

is more closely related to the Ascomycetes than it is to the Basidiomycetes.

While the preciphin method has been used to a certain extent in attempts to show

relationships among animals, too much stress should not be laid on this single

experiment with plants. It is possible that albuminous substances from some

plants may produce preciphins in the blood of animals that will then react with

many plant albumins, just as it has been found that precipitins in animals will

affect animals of more and more distant relationship depending on the intensity

and duration of the treatment of the original animal,—H. Hasselbring.

Sand keys of Florida.—Millspaugh^^ has published the results of further

exploration of the sand keys of Florida. In 1904 O. E. Lansing, Jr. was sent

to examine all the islets lying to the westward of Key West, and his collections,

notes, and maps form the basis of the present paper. The vegetation of each

islet is mapped in a very effective way. The value of the survey is to enable

future students to determine what species have come to the different islets since

1904 and what have been unable to survive; what species come first to such

islets; and how species spread when brought into an untainted environment.

In a summary it is shown that such species as are able to avail themselves of bird

and water transportation, and can withstand or actually need a saline soil and

atmosphere, are the species that lay hold of these islets. Wind transportation

appears to play no part whatever in the plant colonization of these minute islets.

wide study of such areas in the Antillean

formed

of Florida has been as follows, the method of transportation also being indicated:

(i) Sesuvium portulacaslrum (water), (2) Cakile jtisiformis (water), (3) Euphor-

bia buxifolia (bird), (4) Cenchrus tribidoides and Cyperiis hninneus (bird), (5)

Uniola paniculata (water), (6) Andropogon glomeratiis (bird), (7) Suriana ntarit-

ima and Tournejorlia gnaphalodes (bird), (8) Borrichia arborescens and Iva

imhricata (bird), and (9) Ambrosia hispida (water).—J. M, C.

Pythium and Chytridiaceae.—Butler has'^ made an extended study of the

genus Pythium. The introductory part of his monograph is a somewhat

lengthy account of the habits, structure, and biology of the members of the genus.

The observations recorded have for the most part been described by earlier stu-

dents of the group, and ver}' little that is new is added. An observation relat-

ing to the morphology of the sporangia and conidia of the genus is of interest.

" MiLLSPAUGH, Charles F., Flora of the sand keys of Florida. Field Colum-

Kan Mus. Publ. Bot. Ser. 2:191-245. 1907.

^3 Butler, E. J., An account of the genus Pythium and some Chytridiaceae.

Mem. Dent. Atrrir. Tnrlia "Rot Q^i-i'i^ t^;- i^t-» ^a^ a/^ ,-^ -.— ^
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The writer several tiraes divided colonies of P, intermedium and of P. rostralumy

keeping one -half of each colony in running water while the other half was left

undisturbed. The half-colonies in running water produced almost exclusively

sporangia, while the corresponding undisturbed halves produced conidia. In

the systematic part of the work, 18 species are critically described and arranged.

Four of these are new, one (P. palmivorum) being of interest on account of its

unusual habitat, growing in the terminal buds of palms which are soon killed and

destroyed by the fungus. Since palms grow only by the terminal bud, its death

involves the destruction of the tree. Another form (P. Indigojerae) is epiphytic

in the waxy covering of the leaves of Indigofera arrecia. Under the title *' Species

omitted" there are added brief notes on some 18 species whose descriptions are

for the most part so fragmentary that identification is impossible. In the second

part, a number of species of Chytridiaceae are described, with some observations

on their structure and habits.—H. Hasselbring.
-

Anatomy of Uvularia and Tricyrtis.—QuEVA^^ has followed his studies on

Gloriosa and Littonia by an examination of the anatomy of Uvularia and Tricyrtis,

which differ from the first-named genera in having a rhizome in place of a tuberous

stem. In accord with this difference, Uvularia presents a simpler structure than

Gloriosa, and Tricyrtis is still simpler in the disposition of its vascular strands.

The bundles in the stem of Tric}Ttis are all of the same rank, while Uvularia has

bundles of several ranks; the larger ones are situated near the center of the stem

and form the main vascular strands of the leaves, while the smaller ones run at

the peripher}' of the stem and run to the margin of the leaves. In place of the

cambium observed in the bundles of the tuber in Gloriosa, Uvularia presents only

a radial arrangement of the cells of the procambial strands. These two conditions

distinguished

MAN and by Chry
M. A, Chrysler.

in the bundles of sedges and grasses, figured by Plo

The question appears to be one of definition of terms.

The nucleus of Spirogyra.—The excellent methods and cytological experience

Gr£goire school are w^ell shown Both the

chromatic and the achromatic figures are traced in detail. The so-called nuclear

network of Spirogyra takes no part in the formation of chromosomes. In the

prophase the nucleolus begins to show a double nature, for the chromosomes are

differentiated within itj while a second substance preser\-es its spherical form. This

second substance divides m the plane of the future cell wall and also becomes

segmented into rod-shaped pieces, after which half passes '

pole to form formed

^4 QuEVA, Chas., Contributions a Tanatomie des Monocotyledonecs. II. Les

Uvulari^es rhizomateuses. Beih. Bot. Centralbl. 22:30-77. figs. 40. 1907.

15 Berghs, Jules, Le noyau et la cinese chez le Spirogyra. La Cellule 23 :S5~86,

pis, I-J. 1906.
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prophase or telophase. The spindle is a cytoplasmic structure; even the part

within the limits of the nuclear membrane does not come from the network sur-

Tounding the nucleolus, but grows in from the outside.

—

Charles J. Chamberlain.

Illinois River sand region.-—In connection with the work of the Illinois Bio-

logical Station on the Illinois River at Havana, a brief survey was made of

certain waste sandy areas in the neighborhood. The botanical survey was

made by H. A. Gleason/^ whose results have now been published. The ecologi-

cal factors of these peculiar areas are discussed, and four plant associations are

,^r, iJ
presented. Under prairie formation the three associations are the "bunch-grass,

the "blow-sand/' and the "blowout;" while the single representative of the

forest formation is the black-jack oak association. A list of the plants is given

and the phytogeographic relationships are discussed.—J. M. C.

Sulfuric acid as a fungicide.

—

Kraemer'^'ih experimenting with dilute sul-

furic acid as a fungicide finds that solutions from i part to 500 to i part to 1000

are not injurious to ordinary field plants such as wild cherry, elder, ailanthus,

yellow dock, abutilon, and others. Roses infected with mildew were sprayed

several times with a solution of one part H2SO4 to 1000 water without injury

and with the complete destruction of the mildew. This fungicide may prove

especially useful in greenhouses where mildew is often very destructive to roses

and where ordinary fungicides are not applicable since they spot and discolor

the foliage.—H. Hasselbring.

Chromosomes of Oenothera.

—

Geerts^^ finds 14 chromosomes in Oenothera

Lamarckiana. In connection with a brief pai)er he figures several somatic divisions

as well as the heterotypic mitosis in the microspore and megaspore mother

cells. Beer'^ found 14 chromosomes in O. longiflora and Gates^° reported 14

in O. lata, but 20 or more in the O. Lamarckiana hybrid obtained from a cross

of O. Lamarckiana with O. lata. Geerts also notes the constricted shape of

the chromosomes in the anaphase and telophase of mitosis.—R. R. Gates.

Secondary thickening in Pandanus.

—

Schoute^^ has investigated the alleged

secondary growth in the stem of Pandanus, and comes to the same conclusion as
+

botanical

Lab

17 Kraemer, Henry, Dilute sulphuric acid as a fungicide. Proc. Amer. Phil.

Soc. 45:157-163. 1906.

Zahl

Ber. Dcutsch. Bot. Gesells. 25:191-195. pi, 6. 1907.

^0 Beer, Rudolf, On the development of the pollen grain and anther of some

Onagraccae. Beih. Bot. Centralbl. 19:286-313. pis. j-5. 1905.

20 Gates, R. R., Pollen development in hybrids of Oenothera lata X O. Lamarcki-

ana, and its relation to mutation. Box. Gazette 43:81-115. pis. 2-4, 1907-

3' Schoute, J. C.: Ueber die Verdickungsweise des Stammes von Pandanus.

Ann. Jard. Bot. Buitenzorg II. 6:115-137. pis, §-8. 1907,

i
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i

Carano, whose paper was noticed in the March number of this journal. From a

number of careful measurements of trunks of different species the author concludes

that there is no secondary grov^ih in the stem of Pandanus, and that the dimensions

of the stem are to be ascribed wholly to the primary growth in the vegtative

cone.—]M. A. Chrysler.

Subsoil water and forests;

—

Pearson*^ has investigated the level of forest

subsoil waters in India as compared with readings made in Russia and France.

The conclusions are as follows: the levels within the forest are lower and steadier

than those without, the e^eci of rain is felt later and lasts longer within than

without, and the old w^oods low^er the level more than young woods.—J. M. C.

Mutation in Nephrolepis.—Observations upon plants of Nephrolepis Dufjii

cultivated in a w^arm, moist atmosphere have brought Goebkl*^ to the con-

clusion that this species is a mutation from N. cordijolia, the mutation here being

a, case of atavism. He believes that this and other cases of mutation in ferns

may be due to adaption to environment.

—

Charles J. Chamberlain.
r

Leguminosae of Porto Rico,—Miss Janet Perkins^^ has published an account

of the Leguminosae of Porto Rico, 67 genera and 141 species being recognized.

^

One genus (Stahlia) and eight species are peculiar to the island. The number of

genera is rather remarkable, the largest being Cassia with 16 species. No new

species are described.—^J.
M. C.

Crossing of Reana and Zea.

—

Vilmorik^^ has reported the crossing of a

species of Reana (teosinte) with Zea Mays, the latter being the pollen parent.

The phenomenon of xenia was strikingly developed, the characteristics of the

two genera appearing in the ears.—J. M. C.

Diseases of cereals.

—

Butler^'^ has described four diseases of grasses in

India caused by Sderospora graminicola, the hosts being Pennisctum typhoideum^

Andropogon Sorghum^ Setaria italica, and Euchlaena luxurians.—J. M. C.

22 PEARSON; Ralph S., The level of subsoil waters with regard to forest. Indian

Forester 33:57-69. 1907.

23 GoEBEL, K., Morphologische und biologi^sche Bcmerkungcn.—17, Nephro-

lepis Duffii. Flora 97:38-42. 1907.

'4 Perkins, J., The Leguminosae of Porto Rico. Contrib. U. S. Nat. Herb. 10:

133-220. 1907.

35V1LMORIN, Ph., Reana luxurians X Zea Mays. Bull. Soc. Bo t. France 54:39-42.

ph J 1907.

^^BuTLERj E. J., Some diseases of cereals caused by Sderospora graminicola.

Mem. Dept. Agric. India Bot. Series 2^: pp. 24- pis J 1907.



I

NEWS

'Professor Dr. Friedrich Hildebraxd, Freiburg, has just retired from

active ser^ce,

E. E. BoGUE, professor of forestry in the Agricultural College of

, died at Lansing, August 19, after a lingering illness, at the age of 42.

Dr. H. p. Lyon has resigned his position as assistant professor of botany

in the University of Minnesota, to accept a position with the Hawaiian Sugar

Planters Association at Honolulu,

GiNN AND Company have announced A manual of the North American'

gymnosperms by Professor D. P. Penhallow. It is to be an account of the anat-

omy of the group, together with their systematic presentation on the basis of their

vascular anatomy.

Professor J. E. Kirkwood has resigned his position at Syracuse University,

ha\ang been appointed assistant to the International Rubber Co., with head-

quarters at Torreon, Mexico. Dr. W. L. Bray, University of Texas, has beer*,

appointed professor of botany at Syracuse.

Dr. H. N. WmxroRD, in government service in the Philippines, has been-

spending some months in the United States and has now started upon his return-

journey. A few weeks are to be spent in the Santa Catalina Mountains with a

party from the Desert Botanical Laboratory.

Among the numerous Linnaean memorial addresses published recently, none

is more interesting and sjinpathetic than the one delivered by Professor E. L.

Greene at a joint meeting of the Washington Academy of Sciences, the Biologicar

Society of Washington, and the Botanical Society of Washington. The citation^

is Proc. Wash. Acad. Sci. 9:241-271. 1907.

Professor L. M. Underwood has published (Pop. Sci. Monthly 70M97"5iS'

1907) a most interesting sketch of "The progress of our knowledge of the flora of

North America," a sketch which should be read by th^ whole^eneration of younger

botanists, who are in danger of remaining ignorant of the important history and of

the great names that lie behind their present work. It is marred by uncalled-for

slurs on some whose memorv is to be held in hie^hest honor.
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Nervous Disorders

AFTER THE BATH USE

H

I

The nerves need a constant supplj^

of phosphates to keep them steady

and strong. A deficiency of the phos-

phates causes a lowering of nervous
tone, indicated by exhaustion, rest-

leeenesSj headache or insomnia.

Horsford's
Acid Phosphate

(AfOft -4IcoholieJ

furnishes tlie phosphates in a pure and
abundant form. It supplies the nerve
cells with health-giving life force, re-

pairs waste, restores the strength and
induces restful sleep without the use
of dangerous drugs. An Ideal Tonic

in Nervous Diseases.

Ifyour druggist can't supjjly you wc will send a
small bottle, prepaid, on receipt of 25 cents.

Rumford Chemical Works, Providence, R. I.

— ^ J"

EXTRACT
HOT WEATHER
NECESSITY

because soothing,
cooling and healing
the skin,

down with
POND'S EXTRACT

most refreshing.

The Standard
for Years

Get the genuiyie.

Sold only in sealed bottles—never in bulk.

LAMOKT, CORLISS A CO., Afrt^nta,

78 Hadtton Street, Sew Turk.
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•'YOU'RE SAFE*'
in the hands of the little
captain at Vlxq helm,- the
complexion specialist/'

Whose resnlfs are certain,
whose fees are email.

MENNEN'S
T-rv.?**!?*^ Talcum
TOILET POWDER
protects and soothes, a sure
rehef from Sunburn,
Prickly Heat, Chafing
etc Putupinnon-reriul
?wi^**,'',*'?-^^e -box
Jion. If Mennen's face is on
the cover it^geuuiue and
nJi\^J^°*^® of purity,
Deh^htful after shaving.
Y"f7°*«*i nnder Food A DruCT
^« j„ne 50 l&oe. Serial Ao.J.^^f
»oi<I e.errwhere, or by mail, 2&cSAMPLE FREE
«MennenCo..Newark,NJ.

Try Mennen*H
>lolet lioratcd
Talcum PfiHiJtr
It has ibe s«f-nt of
frMh cat Fanoa
VioleU.
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Intending purchasers

of a stndty first-

class Piano

hsnouId

not fail

to exam-

ine the

merits

of

^fi9^^. f%
t

-"^

THE WORLD RENOWNED

It is the special favorite of the refined and

cultured musical public on account of its unsur-

passed tone-quality, unequaled durability, ele-

gance of design and finish. Catalogue mailed

on application.

THE SOHMER-CECILIAN INSIDE PLAYER
SURPASSES ALL OTHERS

Favorable Terms to Responsible Parties

SOHf/lER & COMPANY
W^erSomrdor^thA^.aldSt/ WEW YORK,



TOOTH
PASTE

Differs from the ordinary

dentifrice in minimizing

the causes of decay. En-

thousands of

Dentists. It is deliciously

flavored, and a delightful adjunct to the den-

tal toilet. In convenient tubes. For sale al

drug stores, 25c. per tube.

AVOID SUBSTITUTES

DENTACURA COMPANY,
Newark, N. J., 13. 5. A.

RAILWAY ORGANIZATION
AND WORKING

Edited by ERNEST R. DEWSNUP
A score of prominent railway officials have contributed to

this volume the condensed results of their experience.

Eminently practical and thoroughly readable, the book
occupies a unique position as a manual of railroad business.

It is equally adapted to university classes and to the needs
of the professional railroader. 510 pages; small 8vo, cloth;

net $2.00, postpaid $2.15.

ADOpESS DEPT. P

THE UNIVERSITY OF CHICAGO PRESS
Chicago and New York

IN WRITING
H * r-ta - I- 1 1—

J

-in

Other
Leading

Numbers.
|A. 130, 313;
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IHEWYORK.
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FOR SALE ALL STATIONERS.

Women's Work and Wag
By Edward Cadbury, M
Cecile Matheson,
George Shann, M.A
F.R.G.S. With an Inti

duction by Sophonisba

Breckinridge.

383 pp., 8vo, cloth ;«<f^|i. 50, postpaid ^i.6l.

This is a minute, scientific investi-

gation of the lives of working women

in an English manufacturing district.

In a most interesting style, the au-

thors describe the work, wages, home

life, recreation, girls' clubs, trade

unions, wages boards, etc. The final

chapter indicates the direction which

the efforts of the reformers should

take.

Address Dept. P.

The University of Chicago Press

CHICAGO NEW YORK
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I kave seen good results from tlie

prolonged UM of your Pakst Ex-
tract. TKe ''Best" Tonic, and I

find tke preparation very benefi-

cial, eapecially for nursing 'women.

Dr. F. Becker-Laun'cK.

For Mother and Baby JvT
Vs-

At that anxious period before and immediately after baby
is born, when the mother must bear a double burden, it is
vitally important that she take on double strength. Nourish-
ing and strengthening food must be provided in plenty for both
mother and child, while for the mother herself there comes a
time of suffering, the dread and realism of which will be great-
ly lessened if she will steadily prepare the way by the liberal
use of

vahst Exfmct
l^eJesTTcnlC

This rich, wholesome food, combining the nutritive and tonic
properties of malt and hops in palatable and predigested form.
is welcomed by the weakest stomach and quickly asslmilited
by the system. It gives strength to the muscles, revitalizes
the blood, and furnishes nourishment in abundance lor the
growing child, at the same time it calms the nerves, inducing
sweet, refreshing sleep for mother and babe, thus assuring
strength, vigor and health to both.

is a strengthening and palatable food for the convalescent.
Quickly restores the shattered nervous system and acts as a
tonic for the weak, worn-out and overworked. It aids digestion
and is a Quick relief for dyspepsia.

For Sate at aTt Leading Druggists

Insist ujfon the Original

Guaranteed under tke National Pure Food Lj

U. S. Serial No. 1921

Free Picture and Book
Send Uf your name on a porta! ior our interesting kooVlet and "Baby's First Ad'

venture." a beautiful picture of katy life. Botk FREE. Address

PABST EXTRACT DEPT. Gl MILWAUKEE WIS
^-^.t^-^"?. ^^'?T -^1^^^'^-'''
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TF you are having any trouble with the finish

on your floors, or are not entirely pleased

with their appearance, it is certain you have not

used LIQUID GRANITE, the finest floor finish

ever introduced.

It makes a finish so tough that, although the

wood will dent under a blow, the finish will not

crack or turn white. This is the highest achieve-
I

ment yet attained in a Floor Finish, and is not

likely to be improved upon. •

Finished samples of wood and instructive

pamphlet on the care of natural wood floors sent

free for the asking.

BERRY BROTH fiRS, Limited,

Varnish Manufacturers,

NEVfYORK

BOSTON

PtttLADELPHIA

BALTIMORE

CHIGAeO

(^4€ntlNAT1

ST. LOUS

SANFRANCISGO

Factory and Hain Office, DETROIT
Canadian Factory, WALKERVILLE, ONTARIO

If you wish something

sharp point—with

Something itiat is always ready

for business—seleci a

American OrapHite

// you are not familiar with Dixon's, send

16 cents in stamps for samples. You will

not regret it.

JOSEPH DIXON CRUCIBLE

JERSEY CITY NEW JERSEY

new catalogue

of the books and

periodicals published

the University

Chicago Press has just

been issued. Those
interested in learned

and scientific works

may obtain a copy free

by addressing

The
University Chicago

MA
OF STYLE
Being a Compilation of the Typographical

Rules in Force at the University of

Chicago Press; to Which Are

Appended Specimens of

Types in Use

132 + 80 pages, i2ino, paper; net $« cents, post-

paid 53 cents

Chicago, and 156 Fifth Av., New York

NE of the most comprehensive

works on typographical style

ever published. Though pri-

marily intended for local use, it is

believed to possess elements of use-

fulness for wider circles. It is rec-

ommended to publishers, writers,

proofreaders, printers, and others in-

terested in typography.

Address Dept. P

The Umversity of Chicago Press

CHICAGO AND NEW YORK

I



^TT

(

WHEN YOU ASK FOR
THE IMPROVED

REFUSE ALL
SUBSTITUTES AND
INSIST ON HAVING
THE GENUINE
The Name is

stamped on every

loop—

CUSHION
BUTTON

CLASP
LIES FLAT TO THE LEG-NEVER
LIPS, TEARS NOR UNFASTENS

Sample pair, Silk 50c.^ Cotton 25c,

Aiailed on receipt ot price.

GEO. FROST CO.. Makers
Boston, Mass., U.S.A.

ALWAYS EASY

^^"i^'

Record Ne^er Equalled

*

Perfect Visible Writing and the Durability of the
Basket Type Machine

Whether you arc Interested in the mechanical features of a typewriter or not, if you arc buying typewriters
you arc most vitally concerned in two things.

First, your typewriter shotiTd write in sfeht. It'« reasonabJc that if you can sec what you are doing,

you can do more than when your work is hidden from view.
Second, your typewriter should be durable, so you will receive proper value for your money.

Previous to the advent of The Fox Visible it was impossible to build a Visible Typewriter with the
wearing qualities of the old style machine.

TTprP la t>iii TJaaonn The "basket type" machines, such as the old style Fox, the Remfngtoti, and the Smith-Pre-
Ji«C IB ine lieason

^-^^^^ ^^^.^ ^^^j ^^ '^assembling surface" of eighteen inches in which to assemble their type
bar hangers. ITiis allowed the use of a wide hanger and accounts for the recognized dtirability of such machines, la
building other visible typewriters than the Fox Visible this "assembling surface" HAD TO BE SACRIFICED, and
In^iead of eighteen inches such machines have four and one-half inches and a type bar hanger 35-^*^*^ o' *" ^^^ wide*

On the Fox Visible the Assembling Surface is i6 1-« inches, and the Type Bar
Hanger 7-16 of an inch wide. T^is admits of adjustment and means durability.
With a narrow type bar it is a mechanical impossibility to secure permanent

a]ii:ament and durabiJity.

t

Fwt ordinary business «:Diioiny demands you investle'ate the Fox Visible before yon buy. We make It Qsy ftw

you. Send for descriptive literature.

FOX TYPEWRITER COMPANY ^^^IS^^rFr^^^t 8tTGfanTR^i>M., Mich.
Branch Offices and Agencies in Pimcipal Cities to " ^ ,., ^v ^- (i^ :*, #p> :*^* y- w
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The Interpretation of Italy During tlie Last Two Centuries
A Contfifaution to Goethc^s Italienische Reise

By Camillo von Klenze, Professor of German l^iterature in Brown University

'--
\

HE aim of this investigation is to study the attitude toward
Italy taken by the eighteenth and nineteenth centuries with

a view to determining, not merely what those generations

saw or failed to see in the peninsula, but in how far Goethe's
Italienische Reise—a book the value of which has been so vari-

ously estimated—shows dependence on the preferences and
prejudices of its time, and furthermore how far, if at all, Goethe
goes beyond his contemporaries. In this fashion the author

hopes to eliminate from our judgment of this famous work that

element of shifting subjectivity which often prevailed.

The author's extensive researches in European libraries have
unearthed many volumes little known to scholars.

174 pages, 8vo, cloth- Net $1.50, postpaid $1.62
-k-r

ADDRESS DEPT. P

THE UNIVERSITY OF CHICAGO PRESS
CHICAGO NEW YORK

LEGISLATIVE HISTORY NATURALIZATION

UNITED STATES
IV

FROM THE DECLARATION OF INOEPENDENCE TO THE CIVIL WAR

By FRANK GEORGE FRANKLIN

T^HE process by which our national laws rose out of chaos is a subject of peren-
*• nial interest. Our procedure regarding naturalization is the outcome of long

and intricate debates, where sectional and party feeling ran high. These debates

Mr. Franklin describes in brief, clear fashion, beginning with the Revolutionary period

and the convention of 1787, The formation of the various Naturalization Acts is

described, with the influence of each faction and each notable man. The exciting

scenes in House and Senate in the years before the Civil War are recounted, and

the history terminates with the great conflict. With scarcely a comment of bis

own, the writer traces the development of a national conception from the interplay ..

of varying opinion and opposing interests. Incidentally a strong light is thrown on

the inner history of the government in the period of its first struggles after unification.

The work is one that will interest all well-informed American citizens. To the

student of American laws it will henceforth be indispensable,

375 PAGES; 12M0, CLOTHf NET Si. SO. POSTPAID fU6B

t

ADDRESS DEPARTMENT P

UNIVERSITY OF CHICAGO PRESS Chicago

)



BAUSCH LOMB
School Projection Lantern— Model D

L.a^co.

jlliiiiLuMUU mmiii
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HIS LANTERN is a modified type of our
large projection apparatus and embodies the

scientific and mechanical construction ol that
higher-priced instrument.
Although specially designed for schools, it

ferves equally well for exhibition and other pur-
poses and is adaptable for the projection nf

lantern slides, microscope slides, and opaque
objects, and a vertical attachment enables the
projection of living objects in fluid.

Sim{)le, convenient, rigid, portable— all these
excellencit s combined in one Instrument of
moderate price have served to make it exceed-
ingly popular.

Send for illustraied catalog g27ji?i^

full description and prices.

Bdusch Lomb Optical
Rochester, N. Y,

New York, Boston, Washington, Chicago. San Francisco,

Frankfurt a\M, Germany

Christianity and
Bible

Fy HENRY R WARING

389 pages, 8vo, cloth, postpaid |i.oo

ADDRESS DEPT. P

UNIVERSITY

CHICAGO
CHICAGO PRESS

NEW YORK
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The man men w! swears

by the

Remington
Typewriter

is the man who has tried to get

the same service out of some other

machme.

A man may know the Remington

or he may know some other type-

writer, but the man who really

knows typewriters is the man who
knows the difference between the

emington and others.

Remington Typewriter Company
(Incorporated)

New York and Everywhere

A Short History of Christianity In the

Apostolic Age

By GEORGE H. GILBERT

This book belongs to the scties of "Constructive Bible

Studies," It is intended for pupils of sixteen or seventeen

years of age. Like the other volumes of the series it aims

to embody the results of modern scholarship, while remain-

ing true to the spirit of Its great theme. 246 pagw; Bvo;

postpaid $i,oo.

ADDRESS D£PT« P

THE UNIVERSITY OF CHICAGO PRESS
Chicago and New York

THE UNIVERSITY OF CHICAGO
Educational and Scientific works printed in English, German,

French, and all other modem languages, EtHmaUs furnished.

3«TH STREET AND EI^I^IS AVENUE, CHICAGO. ILI^INOIS

HARTSHORN
SHADE ROLLERS

Bear the script name of Stewart
Hartshorn on JaheL

Get "Improved," no taoks required.

WooJ Rollers Tia Rollers

HARTSHORN
SHADE ROLLERS

Bear the srHpt name of Stewart
HarUhom on hibeL

Get " Improved," no tacka required.

Wood Rollers Tin Rollers
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HAMMOND TYPEWRITER

HAMMOND
VISIBLE
NO. 12

^^-

""-^^mman^ ^%

'Vt=r^

THE NEW NO. J 2 VISIBLES 1907 MODEL

Every Character Sight Time

VISIBILITY—SIMPLICITY—DURABILITY

This instrument has all of the very latest

improvements, including^

Polychrome Attachment to Write in Colors

Perfect Alignment Uniform Impression

OVER ONE HUNDRED STYLES OF TYPE
THE ONLY POLYGLOT THE BEST MANIFOLDER

HAM^
\

TYPE
factory and General Offices. 69th to 70th Sts. and East River, NEW YORK



the University ofStrong Testiirc^ny from
Virginia,

IN URIC ACID, DIATHESIS, GOUT, RHEUMATISM,
LITHAEMIA and the Like. ITS ACTION IS

PROMPT AND LASTING.
+

Geo. E:^ri, Johnston, M«D.| LL.D., Prof. Gynecology and Abdominal Surgery, Universi^

of Virginia^ Ex-Pres. Southern Surgical and Gynecological Assn.^ Ex-Pres,
Society and Surgeon Memorial Hospital, Richmond^ Va,: '*If I were asked wliai

the widest range of usefulness,

I would unhesitatingly answer, Buffalo IitwaWateh

Virginia Medical

asked what mineral water ha<

In Uric Acid Diathesis, Qout*

Rheumatism, Lfthaemla, and

— — — j^_ ^_ — C3

Cystitis will be alleviated by it, and many cured.

tktiV

doubted

powe

forming f»

•• RECOGNIZED

in Uric Acid
James L. Cabeil, M.D.i A*M., VX^S^mtformer Prof Physiology and Surgery in the Medi

Department in the University of Virginia, ii ||..^«^^^ I l^rum UIhTITOand Pres, ofthe National Board ofHealth.' «^ * tiWAM Ll IfliA Wf*l t fl Dfatftesfs is a

well-known therapeutic resource. It should be recognized by the profession as an article of

Materia Medica,"

COMPARE WITH r**>

NG URIC ACii> i>£POSITS
t«

^r. P. B. Barringer, Chairman of Faculty and Professor of Physiology, University of Vir-

ginia, Charlottsville, Va.,

prompt results I have found
nothing to compare with

hesitancy

KHFAli) lITHIAWfeTER
I>eposits

bod

"I KNOW or NO REMEDY COMPARABLE TO IT."

Wm. a. Tawfes, M.D., late Prof or Anatomy and 3fateria Medina, University of Virgtna:

4 ? --»y-^ atism, Rhet:"in Uric Acid fW^ithesis, Qout, Rht
««lder, I know of no
remedy comparmble to DUFFSIIJO

Volnminious medical testimony sent on request
^»Ur trade.

z Gout, Renal CafcuH SUm0
Spring

No. 3,

and minenl

PBOPHIETOH BUFFALO LJTHIA SPRINGS. VIRGINIA,
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Breakfast Tables

of the \Vorld
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V
germs

mer. To prevent sickness and protect your family,

purify the waste-pipes, sinks, closets, and the cellar with

aft if 1

K^RisterciU
HIGHEST AWARDS 3N

EUROPE AND AMiniCA

Walter
{Established 17S01

DORCHESTER, MASS.

odorless
tiisinfeciant.
The daily use of just a little of this powerful liquid

ensures pure air in the home, and a bo:tIe will last the

average family a month. Sold only in quart bottles by

druggists and high-class grocers. Prepared only by

Henkv B. PLATT.-New York and Montreal.
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'WamtNot"

WA5TE!
There
SAPOLIO.

waste for the purse where the housekeeper uses
It has succeeded sfrandly although one cake goes as

far as several cakes or packages of the quickly-wasting articles often
substituted by dealers or manufacturers who seek a double profit.

Powders, Sifters, Soft Soaps, or Soaps that are cheaply made,

'WASTE,
All powder forms of soap are easily wasted bv the motion of your
eibow. Many scouring Soaps are so ill-made that if left a few
minutes in the water they can only be taken out with a spoon.

f\.

"^!y^"'°^^*^^' solid cake, that does not waste, but wears down "to
ttie thmness of a wafer," is the original and universally esteemed

»SAPOLIO
IVa Not.^Want Not

\N0
^Ht^ fct Cl
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» V05S pfaoo
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d^Tet efe-e new

hc^n ^uMhh^ ever SS ^^-^3^«Jh^ «*«^
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THE CHRYSANTHEMUM RAY BLIGHT'

F. L. Stevens

(with fifteen figures)

The common name chosen for the disease at present under dis-

cussion is taken from the most conspicuous symptoms of the malady,

a blighting of the corolla of the ray flower, resulting in poorly

developed; discolored, one-sided heads {fig. i).

Fig. I.—Three heads, sho\\*ing disease as it naturally occurs.

Attention was first called to the disease by a letter from Fayette-

ville, N.C., dated November 13, 1906, and accompanied by spccimens-

The disease has been known at that place and has recurred for three

years, each year with increasing destructivencss. It was first attrib-

* Contribution from the Laboratory of the North Carrlina AgricuUural Experi-

ment Station, Raleigh, N. C.
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uted by the owner of the plants to want of ventilation, but upon its

recurrence the second year, the possibility of such a cause was pre-

cluded by the conditions. The disease was found upon plants in

the open as well as upon those of the greenhouse. The first year it

was found only upon late varieties, but this year it appeared upon all

varieties in the owner's collection, the variety *' Nellie Pockett" being

particularly susceptible. The *' Golden Wedding/' a late yellow

variety, always suffers badly in the collection in question. Since

receiving the specimens from Fayetteville the disease has been found

in Raleigh, and it may be of wide distribution.

SYMPTOMS

The disease is most conspicuous in the flower clusters, which it

attacks usually upon one side, either in the bud or during various

stages of blooming. The affected blossoms turn straw color or

brownish, cease to develop, and wither, the discoloration proceeding

from base toward tip on each individual flower, thus distinguishing

the disease at once from many disorders which may resemble it super-

ficially. If the case be severe, and a bud be attacked while still

young, no rays will develop; the head will not open. If the attack

be later, a portion of the head, one-half or two-thirds, or more or less,

may develop normally and thus by contrast heighten the conspicu-

ousncss of the disease. Heads nearly open and apparently healthy

may on the following day show one side far advanced in disease.

The owner says, ''it developed so fast that a large perfect bloom in

the morning would be wilted by night."

The receptacle turns black, and the peduncle may likew^ise be

blackened to a distance of one or two centimeters below the head.

Later, shriveling and softening of the peduncle allow the head to

nod in a characteristic manner.

On the affected plants the stems are often blackened for several

centimeters, in a band more or less completely encircling the stem.

Frequently this diseased region is associated wath a leaf, the petiole

of which also partakes of the discoloration.

MICROSCOPIC EXAMINATION

Under the microscope, ' diseased flowers, rays, corollas, recep-

tacles, peduncles, and the diseased portions of the stem all reveal
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the presence of a rather coarse, much branched mycelium that is

easily recognized by its septa, which are numerous and stand out

with an especially striking clearness

{fig^ 2). In the humid region between

the flowers in the head, the mycelium

becomes aerial, forming a loose floccose

weft, visible to the naked eye. In the

pith cavity of the blighted receptacle

a similar profuse mycelial develop-

ment occurs; while on old specimens/

in culture dishes, pycnidia were also

found identical with those which de-

veloped in the pure cultures to be

described later {fig, j). Only one

fungus was seen and no bacteria •

whatever w^ere visible.

ISOLATION

Diseased ray flowers were removed

with sterile forceps and thrown upon

solidified pea agar in Petri dishes,

several to each dish. Similarly, with
Fig. 2.—^Normal h}'phae, mature,

showing septation with slight con-

aseptic precautions, bits of the wood striction; also the mode of branching

and bark from diseased peduncles,

stems, and from the inside of the receptacle

were plated. Each of these cultures, 25 or

more in number, plated on November 18,

resulted within 24 hours in pure colonics, all

alike, of a fungus with a mycelium identical

in appearance with that seen in diseased

tissue.
Fig. 3.—Surface view

of pycnidium showing

reticulation.

THE FUNGUS

The colonies grew with remarkable rapidity

and remained sterile until five days old.

Pycnidia were found then in the oldest portions of a colony upon

one of the plates. They were amber color, as seen with the two-

thirds objective and transmitted light approaching no. 30 of Sac-
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CARDo's Chromotaxin^ or the YYO^ of the Prang Standard color
*

scale. They were coarsely reticulated on the surface {fig. j), owing

to their composition of woven, coarse, mycelium threads. In

diameter they ranged from 102 to 204 ft (the

most usual size being about 150 ft). They

were round in outline and elevated from

the surface, hemispherical. Grown upon
Fig. 4. — Spores from , , ,

- ,

,

pycnidia gro..^ on cow pea ^^^^
_

^"^^ ^^^^ ^P^^ the apple agar, the

agar. pycnidia were very much darker, almost

black. The ostiolum seemed entirely absent

in many pycnidia which developed deep in the culture medium,

but was present in all growing upon the surface of artificial media

or upon natural substrata.

The spores are regular and oblong, or quite irregular-oblong, or

swollen and rounded at one end and pointed at the other. Regular-

"=7E

(5^
Fig. 5.—Stages in the germination of spores; e and }=c and d respectively, drawn

one hour later; c and d drawn at 6 hours of age, and e and / at 7 hours; m 15 hours

old.

1

"4

i

i

oblong, however, is the prevailing type, with a pronounced tendency

to irregularity
{fig. 4). One septum. more

preparations, is visible in most of the older spores ; though young or

small spores and many larger older ones do not show it. The sep-

tum is freauentlv central, but fhprp k n tpnrlpnnir fr>r I't tn hp Inra ted
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nearer to one end than to the other. Rarely two septa or even three

are present in one spore. The spores measure from 3 to 6.2 ft in

thickness by 10 to 20 ^l in length; 6. 2 /x by 18 /t being the usual size.

The spores are hyaline or very slightly greenish. In mass, as ex-

truded from ripe pycnidia, they appear slightly pink. The walls are

evidently mucilaginous, since the spores, as they are pushed from

the pycnidia upon the absorp-

tion of water, issue in worm-

like coils, cohering thus for

considerable time, though they

are not in visible contact. The
spores germinated rapidly in

water {fig. 5), practically

every spore germinating. In

germination the septum ap-

peared in all spores, and one

to three germ tubes protruded

from each cell. These tubes

rapidly became richly septate,

and the protoplasm highly

vacuolate.

In sections {fig, 6) the

spores are seen to be borne

on all inner portions of the

Fig. 6. Section of pycnidium. a, neck

of ostiolum.

—

Fig. 7. Portion of pycnidial

wall in section showing method of spore

pycnidial wall except the very attachment,

short neck of the ostiolum,

each spore originating singly {fig. 7) on the end of a very short stalk

(about 2 to 5 /x long). These sporophores are lateral branches of

the mycelial threads which constitute the pycnidial wall. The pyc-

nidium originates within the host tissue, i. e., immersed, but rapidly

enlarges to burst the overlying epidermis, so that the mature or even

half-grown pycnidium appears to be superficial. There is no special

aggregation of mycelium to be found below the base of the pyc-

nidium.

The very young pycnidium is solid. Later a spore cavity develops,

though apparently no more rapidly than is necessitated by spore

production. In the youngest pycnidia having a spore cavity, the sur-
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rounding wall is composed of several (five to eight) layers of myce-

lium. As the spore cavity becomes distended the wsll becomes

thinner, until at maturity it is composed of only one, two, or three

layers of mycelium, while the region of the ostiolum becomes one

layer thick and eventually ruptures.

This fungus clearly belongs to the section Hyalodidymae Sacc.

of the SPHAERIOIDEAE Sacc, and seems closest in affinity to the

members of the genus Ascochyta. The possession of a slight beak,

which however is always very small and often entirely absent, might

throw it into the genus Rhyncophoma Karst., but members of that

genus are typically upon wood, usually saprophytic, and have a

more pronounced beak.

Since no Ascochyta, or indeed any other species of the Sphaerioideae

Hyalodidymae, which could by any possibility be identical with the

species considered in this paper, has come to my notice as growing

upon the chrysanthemum or any of its kin, I regard this as a new

species, for which I give the following description.

Ascochyta Chrysanthemi, n. sp.—Perithecia few, immersed, early

erumpent, single or scattered, round, hemispherical, amber colored,

100-200 /^, mostly about 150 z^; ostiolum central, small, dark bor-

dered, often raised by a short neck; surface reticulate, pycnidia on

agar media irregular, often with two ostioles and varying much in

size, black in color. Mycelium abundant, innate, also superficial,

aerial, floccose, richly septate.

Spores oblong, straight or irregular, 3 to 6 . 2 X 10 to 20 /a, mostly

6.2X10/^5 ends obtuse or acute; septum usually one, often obscure,

rarely 2 or 3, usually without constriction until germination; proto-

plasm vacuolate, hyaline or light pink in mass.

H.\bitat: in corollas, heads, petioles, and stems of cultivated plants of

Chrysanthemum indicum^ causing blight. North Carolina.

CULTURE CHARACTERISTICS

Thermal relation.—Cultures in Petri dishes on cow pea agar were

placed in darkness at three temperatures with the results appearing

in the adjoining table.



1907] STEVENS—CHRYSANTHEMUM RAY BLIGHT 247

The growth both outdoors

n the cold, and in the in-

cubator, was exceedingly

irregular, stunted, or slow,

while that of room tempera-

ture was very much more

rapid.

In addition to being an

unfavorable temperature for

growth, the heat of the in-

cubator produced great irregu-

larity in the zonal development

;

threads started vigorously,

stopped suddenly, and growth

began in another direction, so

that all regularity of zone

formation was lost. Much of

the mycelium also became

incased in a dark coat, as

described under the effect of h
cow pea leaf agar below.

The plates kept at outdoor

temperature, while they main-

tained a fair regularity in the

formation of zones, did not
?

make the same number of

zones as the cultures kept at

room temperature, the number

of zones made in the room

temperature being six while

that outdoors was four.

Acid relation.—Cultures in

lettuce agar in the dark at

room temperature in various

degrees of acidity gave the

record shown on Table II on

the following page
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TABLE II

Inoculated December 13. Growth ix Mil

Plate
Drops of normal
acid or alkali

per tube

FuUer's
scale

14 IS
1

16
1

i

17

1

iS

1

19

^ ^ — _, ^^

Average
per day

25 acid 10 + 40 ?

27. . .

.

acid 5 + 20 ?
1

1

49, . .

.

w

2

growth
3

1

7 12 15 18 31

31 alkali 5 -ig
1

1

3 S II 14 16 2.6

29. . .

.

alkali 10 -39 ? 2 3 8 9 10 1.6

34 • • •

•

alkali 15 ^59 ? 2 3 4 -7

2,3- • alkali 20 -99 ? gr- 5 6 I.

It is clearly seen from these data that a neutral medium or one

only slightly alkaline favors the growth of this fungus.

In the plates with 10, 15, and 20 drops of normal alkali there was

no formation of zones at all. In the plate bearing 5 drops of alkali

two zones were formed.

The four cultures inoculated December 8, grown at room tem-

perature, two in light and two in darkness, agreed almost absolutely

in rate of growth, a total difference of i or 2'""' noted at the end of

ten days' growth being so small as to be insignificant.

\ji Lfujiiv tri cur n/U'O fucum. \_,uiLUlCb ill ctgdl Wi

at room temperature in the dark grew as follows

:

til vainL?U3 J.1U.I,

1

,ll\,±XLO

TABLE III

Inoculated December 13, 1906. Growth in mm.

Plate Medium Dec. 14 Dec. 15 Dec. 16 Dec. 17 Dec. 18

1

^

Dec, 20
1

Dec. 21
1

Jan, 12

1

17-21° I8-20° 12-18°
4

9-

10

Pure agar Grew 4
4

6

7

II

TI 14

65

70

7-'

8.,

Pea agar
X

1

4
4

6
6

TO

10
13

14
1

1

18

18

15
16

1

1

I% peptone
agar

!

3
4

S

7

9
10

9
II

i

1

1

1

1

1

1 70

70

II.

12,

1

1% glucose
\

agar
S

5

9
8

1

15

13

19

1

80

80

13
14.

1

1

5% glucose

agar
6

6
II

II

16
16

1

21

21

1

1

1

1 70

75

17-

18.
1% starch

agar
1

1

4
4

1

6

7

10

II

II

12
1

1

1

1

1

1

i
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\

I

Plate Medium

5-
6.

3-

4-

39
40

Standard
beef agar

Cow pea
agar

Standard
beef gelatin

Dec. 8 Dec. 9 Dec. 10
1

Dec. II

1

Dec. 12 Dec. 13 Dec. 14 Dec. IS

1

12-20° 12-20°
i

18-21° 17-21° 18-20°

Grew
^

i-S

1

2

1

s 9 10 II 14
a

1-5 2 5 10 12 13 15

ii
2 3 ' S 12 14 18 22

<t
2 3 5 12 14 18 22

it
2 2 4 6

1

8 II 15
tt

2 2 4 6

1

10 12 15

Jan. 12

52

32

35
• *

Colonics grown in pure agar in dark or light and those upon pea agar

were of the same general appearance, thin, colorless, and structure-

less, zone formation being entirely absent. A very few pycnidia were

produced. By increasing the richness of the pea agar to 4 per cent-,

pycnidia were secured, but without change in other characters. The
growth in pea agar was no more rapid than that on pure agar, but was

developed-

very

pepl

medium for this fungus. Growth comes to an end earlier than in

pure agar or other media; there are no pycnidia, no color to the

mycelium, and only a very slight indication of zonation.

Glucosey 1 and 5 per cent., favor growth, the five per cent, being

slightly better than the one per cent. No pycnidia developed, but

there is marked, though irregular, zonation in both darkness and light,

:elium develops a striking, intense blackness.and the whole m\
The septation and cell contents are normal

with the cell wall.

the color rests

growth

upon microscopic

were digested almost as soon as the advancing threads of the fungus

reached them, and growth continued long in these plates. The

effect of starch upon the general appearance of the colony and upon

the mycelium was precisely as in the glucose plates.

In standard beef agar and gelatin^ growth was about as with pep-

tone agar, though it continued for a longer time. The mycelium was

o ifig

beef
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gelatin the growth was more uniform than on beef agar, and the zones

were somewhat clearly marked, liquefaction following in the wake

of the mycelium^ lagging about 4 or 5"^"^ behind the mycelial tips.

In litmus lactose agar the colonies developed as on beef agar with-

out acidity-

Upon cow pea lea} agar the growth, while exactly parallel in rapidity

with the grow^th upon the cow pea agar, exhibited remarkable differ-

ences in the structure of the colony,

the number of zones being much less

and the breadth consequently much

greater. mycelium also clung

Fig. 8. Abnormal hyphae, mature, as groTvn in gelatin, the cells being unusually

swollen.—Fig. 9. Thickening of hyphae, produced by too high temperature or an

excess of nitrogenous food.

closer to the medium, was less floccose and less aerial, and in the older

region of the mycelium the cells became extraordinarily thick and

short and assumed a dark color. In some instances the protoplasm

within the cell rounded off and became invested by a thick brown

coat. much
ness, often four or five times as thick as the diameter of the mvce-

lium, w^ould form mycelial threads (fig
pea

growth of this fungus. The
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concentric zones formed with great regularity, five dense zones

and six lesser zones being formed in a period of eleven days. In

the older central portion pycnidia began to form at the end of about

eight days, though often later. Pycnidial formation proceeds from

the central zones to the younger zones, the pycnidia being most

numerous in the denser zones, although they are by no means lack-

ing in the lesser zones.

Upon hoiled ric€j in test tubes^ the fungus grew luxuriantly. As

the threads first invaded the rice there was

developed a salmon color, which later turned

to black.

Upon hoiled corny in test tubes, the

mycehum developed well, became black,

and pycnidia were present in abundance

at the end of eleven days.

The most striking features noted in

these nutrition studies were the influence

of starch and glucose in agar or the starch

of the rice or corn media in causing the

development of an intense black coloration

in the mycelium; and the unfavorable in-

fluence of peptone, beef, and gelatin as

evidenced by distorted mycelium and the

failure to develop pycnidia.

The jormaiion of zones is the most char-

acteristic feature of growth of this fungus

upon clear^ solid media {fig. ii). Reference

has constantly been made to this feature. _ rapidly growing hyphae.

The lesser zone, the zone which immediately

surrounds the point of inoculation, is due to the mycelium growing

out rapidly in every direction from the point of inoculation. As

each individual thread becomes more and more distant from the

center and has made more and more branches, the threads begin to

crowd each other much more closely until, if conditions be proper,

a time is reached when apparently the crowding becomes so great

that further grow^th in length is inhibited. There then occurs a

development of aerial hvohae and a thickening and darkening of the

Fig. 10.—Tips of young
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ends of hyphae already produced; this results in a darker zone sur-

rounding the lighter zone. After maintaining this condition for

some time, individual threads^ in a scattered fashion, break through

the outer dense zone, continue their growth, and proceed to the for-

mation of a second lesser zone, followed in course of time by a second

denser zone, all being formed in precisely the same fashion that the

first two zones were made. Plates have been exposed under different

light relations and different temperatures, and it seems probable that

Fig. II Fig. 12

Fig. II. Pure culture of the fungus 17 days old, gro\vn upon cow pea agar in

diffuse light; pycnidia not then formed.

—

Fig. 12. Pycnidia on agar plate, viewed

from below.

there is no connection between either of these factors and formation

of zones in this fungus, other than is occasioned by increasing or

decreasing growth.

INOCULATIONS (figS, JJ, 14)

Some forty inoculations were made with mycelium taken from

pure cultures on bits of agar. Of these twenty-eight gave positive

results. Control cultures remained uninfected. Inoculations were

made within the involucral scales, between the flowers in the head,
J

on stems, and on leaves, as follows:

Series I

Inoculated from mycelium obtained from the original agar plate

culture on which diseased rays had been placed. Inoculations made
November 22, 1906.

1
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i

Inoculation no. i: under the Involucre of the bud which was just

beginning to open; December 8, growth observed; December 18,

exhibited typical disease.

Inoculation no. 2: in the axil of the uppermost bract, in needle

pricks, with agar; the bud above was just beginning to open;

examined December 8 and 18 with no indication of disease.

Inoculation no. j; with mycelium upon agar upon the end of

the unopened bud; examined December 8, no growth; December 18,

typical disease.

Fig, 13.—Four diseased heads produced by inoculation from pure culture.

Inoculation no. 4: control cultures similar to no. 3 with sterile

needle; examined December 8 and 18, no growth.

Inoculation no. j: at base of leaf; the tissue unbroken; examined

December 8 and 18, no result.

Inoculations nos. 6, 8: agar laid upon the outside of the involucre;

tissue uninjured; examined December 8 and 18, no results.

Inoculation no. 7; lost through accident.

Inoculation no. g: at the base of the petiole; tissue uninjured;

examined December 8 and 18, no result.

Inoculation no. 10: leaf base pricked and inoculated with agar
f

culture; examined December 8 and 18, no results.

It is to be noted that in this series nos. i and 3 produced typical

disease; that is, all of the inoculations which were attempted within
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the involucre. Control inoculations produced no growth, and

attempts to produce the disease upon leaves and stems through

uninjured tissue failed.

Series II

mvcelium

set with pycnidia.

Inocidations nos. ii^ 12: agar bearing mycelium placed deep

between the petals of the open flower; examined December 8, show^ed

typical disease.

Inoculation no. ij: same as no. 11 using sterile agar; control

inoculation; examined December 8 and 18, no growth.

Inoculation no, 14: peduncle immediately below the bud scarified

and inoculated with mycelium on agar; examined December 8,

typical disease.

Inoculation no. 15: similar to no. 14, but with sterile agar; con-

trol experiment; examined December 8 and 18, no grow^th.

Inoculation no. 16: upon scarified stem immediately under head

with agar bearing mycelium, the whole covered with wet cotton;

examined December 8 and 18, no result.

Inoculation no. ly: conditions same as in no. 16; examined

December 18, head typically diseased.

Inoculation no. 18: conditions same as in no. 16; examined Decem-

ber 8, no result; December 10, typical disease.

Inoculation no. ig: m
of the opening head; examined December 8, no growth; December

185 typical disease.

Inoculation no. 20: conditions same as in no. 19; examined

December 8, typical disease.

Inoculation no. 21: conditions same as in no. 19; lost through

accident.

It is to be obsen^d that in this series the inoculations within the

flower produced typical disease. Control inoculations produced

no disease. Inoculation upon scarified stem when covered w^ith

damp cotton to prevent evaporation w^as capable of inducing the

disease.
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^r^:

i- ^ -^1

-^v
-J.

f

"^1

\

*Sr."

h*-^'

'^^

'^-

I

^tlX

T^j

Fig. 14
Fig. is

nnĝ flowers in condition of disease; produced by inocula-

tion. T, The topmost head inoculated between the flowers with pycnidia from agar.

2, The second taDest head as in no. i. 4, Inoculated on scarified bark immediately

below the head. Dates as above. JJ, Inoculated no. 29 inside involucre, covered

by tube 24 hours; diseased December 8. S, Inoculated November 24 with agar on

scarified bark under wet cotton; diseased December 10.—Fig. 15. Showing method

of covering inoculated beads to supply humid atmosphere.
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Series III

Inoculated November 29, 1906.

Inoculation no. 22: agar bearing rnycelium was placed between

the rays of a head and the whole covered with a tube and supplied

with wet cotton to prevent evaporation; tube and cotton removed

next day; examined December 8, typical disease.

Inoculation no. 2j: similar to no. 22 but inoculation made just

inside the involucre; examined December 8, typical disease.

Inoculation no. 24: similar to no. 22 but upon the tip of the bud;

covering tube removed after two days; examined December 8, typi-

cal disease.

Inoculation no. 2j: a single ray from a diseased flower placed

among the rays of a flower just beginning to open, which w^ere left

uncovered; examined December 8, typical disease.

Inoculation no. 26: similar to no. 25; but covered wnth tube as

in no. 22; examined December 8, typical disease.

Inoculation no. 2j: similar to no. 22; examined December 8,

typical disease.

From inoculations nos. 22, 23, 24, and 27 it seems evident the

protection of the inoculations from evaporation for 24 or 48 hours

leads to greater certainty and rapidity of infection. Inoculations

nos. 25 and 26 go to show the lack of necessity for any covering when

diseased rays are used with which to inoculate. It is possible that

the mycelium is in a more vigorous condition in such diseased rays.

Series IV

Inoculations made November 30, 1906, from very vigorously

m from

from

taken from the edge of the colony; inoculation under the outer rays;

examined December 8, no growth; December 18, typical disease

in all.

material

dense zone in the colony; inoculated as in nos. 28 to 31; examined

December 8; no growth; December 18, ah typically diseased.

Inoculations j6 to 40: inoculating material taken from the center
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of the colony, the agar being full of old, dark, thick hyphae; exam-

ined December 8, all showed typical cases of disease.

It seems apparent from this series that the mycelium from the

older central portions is capable of producing quicker infection than

that from the outer reg^ion of the colonv.

RECOVERY OF FUNGUS FROM INOCULATED HEADS

In many cases rays were taken from the heads which WTre made
diseased by inoculation and these rays were thrown upon Petri

dishes containing solidified pea agar, with the result that in each

case the petal was soon the center of the pure colony of a fungus

identical with that used in the inoculation.

As a result of all of these inoculations it seems clear that the

fungus in question is actually the cause of the diseased condition of

the blossom; that it can gain entrance to the tissue of the blossom

much more easily than to the tissue of the leaves, petioles, and stems;

and that humidity at the time of inoculation favors the success of the

inoculation.

I desire to acknowledge my indebtedness to Mr. J. G. Hall,

Assistant Pathologist, for the illustrations accompanying this article.

MEDIA USED

Cow pea agar: 500 grams of fresh cow pea pods and contents were

stewed in one liter of water for one half-hour, drained, i per cent,

agar added, autoclaved at 110°, and filtered-

Cow pea leaf agar: 500 grams of cow pea leaves and petioles were

stew^ed in one liter of water for one half-hour, drained, i per cent,

agar added, autoclaved at no**, and filtered.

Pea agar: ten garden peas were autoclaved with i liter of water

for one-half hour, drained, i per cent, agar added, autoclaved at

no"*, and filtered,

Four per cent, pea agar: four per cent, by w*cight of dry peas w^re

stewed wnth i liter of w^ater for one-half hour, drained, i per cent,

agar added, autoclaved at 110°, and filtered.

rules

Health Association,
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Standard beef gelatin: according to the rules of the American

Public Health Association.

Pure agar: i per cent, agar without addition of nutrients.

Litmus lactose agar: standard beef agar with the addition of i per

cent, lactose, and litmus sufficient to color.

Lettuce agar: 10 grams of lettuce leaves and petioles were stewed

in water for one half-hour, drained, i per cent, agar added, auto-

claved at 110°, and filtered.

Boiled rice: 2 grams of washed rice to 8^^ of water, tubed, auto-

claved at 110°.

Boiled corn: 2 grams of washed corn to 8*^^ of water, tubed, auto-

claved at iio^.

Glucose agar and starch agar: made by adding percentages indi-

cated to pure agar, and sterilizing intermittently.

Peptone agar: made by adding per cent, indicated to pure agar

and autoclaving at iio*^.

West Raleigh, N. C.
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ON THE IMPORTANCE OF PHYSIOLOGICALLY
BALANCED SOLUTIONS FOR PLANTS

IL FRESH-WATER AND TERRESTRIAL PLANTS

W. J. V. OSTERHOXTT

(with seven figures)

If the facts set forth in the first part' of this paper prove to be valid,

not for marine plants only, but also for all other kinds, we cannot

suppose them to be merely the result of adaptation to a particular

' environment, but must consider them to be the direct expression of

certain fundamental characteristics of living matter. In order that

the evidence on this important point might be as complete as possible,

a wide range of material Was studied. It includes both lower and

higher algae, liverworts, Equisetaceae, and several species of flower-

> ing plants, embracing among the latter both fresh-water aquatics

and land plants. The solutions were made up with all the precautions

regarding distilled water and purity of salts described in the first

part of this paper. The solutions had the same compositions as

there described, except that lower concentrations were employed.

A control series was always made, in which all solutions were made

faintly alkaline. The material was always rinsed in distilled water

before being placed in the solutions. The plants were in all cases

exposed to fairly bright light, but not to direct sunlight. The tem-

perature averaged between i8° and 20^C., and was not subject to

much fluctuation.

ALGAE

The most extensive series of experiments on algae was made

with Vaucheria and Spirogyra. A form of Vaucheria sessilis^ abun-

dant in running water, was chosen because it readily gives off zoo-

spores when brought into the laboratory. Tufts of this material,

washed free from all adhering dirt, were placed in glass dishes and

covered with tap water. Glass slides were placed upright in the

dishes. On the following morning numerous zoospores were found

^Botanical G^-uetxe 42:127-134. 1906.

259] [Botanical Gazette, toI, 44
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attached to each slide at the water level. As many as fifty to a

1

o
3

O
4

U

' Fig. I.— Growth of

zoospores of Vaucheria

hundred zoospores were commonly

found arranged in a row across the

slide, so that subsequent observa-

tion was an easy matter. The shdes

were thoroughly rinsed in distilled water and

transferred to the solutions. The solutions

were contained in glass tumblers, in which

the slides were placed in an upright position,

care being taken to have the zoospores always

at the same depth below the surface. The

volume of the solution, loo''^, was very large

compared with that of the zoospores. The

tumblers were covered with glass plates to

exclude dust and hinder evaporation. Under

these circumstances the plants thrive excellently

and in favorable solutions produce normal

mature fruit. "^

The average results of six series of experi-

ments are given in Table III and illustrated in

fig. J. The figure shows clearly how a mixture

of two poisonous substances may produce a

solution as harmless as distilled water.

The species of Spirogyra employed is a large

one of the majiiscula type. The material was

transferred from the pond directly to distilled

during 25 days in various Water; after being rinsed in this it was placed
m/ioo solutions. The {^ covered glass dishes containing each 200^^ of
quantities are stated in

cubic centimeters, the

length in millimeters,

and the gain in length

in per cent. I, distilled

water, length 9.4, gain

5000. 2, NaCl 1000

+ CaCl2 10, length 9.4,
gain 5000, 3, NaCl,
length 0.18, gain o. 4,

CaCU,
gain o.

solution.

It will be seen that these results agree in

strikingthe most

described for marine plants.

way with those already

length o . 18,

Further experiments were made with a

variety of other algae, including a species of

blue-green alga (Oscillatoria), Chlamydomonas,

Closterium and two other species of desmids,

2 C}- OsTERHOUT, Extreme toxfcity of sod

other salts- Jour. Biol. Chemistry 1:363, 1906.



f 1907] OSTERHOUT—BALANCED SOLUTIONS 261

I

(

I

(

a diatom (Navicula), and a species of Oedogonium. The results

agree closely with those given below. There can be little doubt,

therefore, that the algae in general, both fresh-water and marine,

obey the same law.

TABLE III. ALGAE
A plus sign indicates that the plants were alive when the experiment was stopped

All quantities given are cubic centimeters of 3W/32 solutions.

Culture Solution

Dilute sea water (total salts 0.6 per cent.)

Dilute artificial sea water: ^

1000 NaCl
78 MgCU
38 MgS04
22 KCl
10 CaCU

Distilled water
Tap water

NaCl...
1000 NaCl

10 CaCU

1000 NaCl
22 KCl
10 CaCU

1000

78
10

1000

78
22

NaCl
MgCl.
CaCl,

NaCl
MgCU
KCl

1000 NaCl
22 KCl

1000

78

Nad
I

MgCl. S

1000 Dist. HaO
78 MgCl.

1000 Dist. H2O
22 KCl

1000 Dist. H2O
10 CaCU

m/l^^ MgCIa. . .

.

OT/495 KCl

;«/io77 CaCU

Duration of Life in Days

Vaucberia Spirogyra

95+

95 +

95+
95 +

60

6=;

65

li

3

95 +

LIVERWORTS

The gemmae of Lunularia furnish ideal material for studies on

the effects of solutions. They can be obtained at any time of year,

they grow readily when floating on the surfaces of solutions, and

are fairly uniform in behavior. The material used in these expcri-
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ments was obtained in part from a greenhouse and in part from moist

banks of earth along streams- Material from different sources was

never mixed together in any series of experiments.

»

o
4

o
5

o
6

Fig. 2.—Growth of gem-

mae of Lunularia in various

3W/80 solutions during 150

days. The quantities are

stated in cubic centimeters

and the gain in length of

thallus in

NaCl
per

1000 + CaCla

cent. I,

10,

gain 820. 2, NaCl 1000

+KC1 22 + CaCU 10, gain

980. 3, distilled water,

gain 1220. 4, NaCl; 5>

KCl; 6, MgCU; gain o.
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The gemmae were removed from the cups with the point of a

knife and sprinkled on the surface of the solution, care being taken

to exclude particles of dust and dirt. Each tumbler contained 200^^

of solution and was covered with a glass plate. The gemmae may
be easily removed from the surface of the solution for purposes of

observation by dipping into it a clean slide and slowly raising it at an

angle so as to take up the material upon one side only. The material

should not be replaced in the solution unless extreme care be taken

to prevent contamination.

The average results of six series of experiments are given in Tables

IV and V, and illustrated in figs. 2 and j.

k

TABLE IV. LUNULARIA

A plus sign indicates that the plants were alive when the experiment was stopped

All quantities given are cubic centimeters of 3W/32 solutions.

Culture Solution Duration of Life in Days

Dilute sea water; total salts

0.6 per cent ,

Dilute artificial sea water:

1000 NaCl
78 MgCU
38 MgS04
22 KCl
10 CaCU

Distilled water. . . .

• NaCl
1000 NaCl

10 CaCl

rooo NaCI
22 KCl
10 CaCIj

1000 NaCl
78 MgCU
10 CaCla

1000 NaCl
78 MgCU
22 KCl

1000 NaCl
22 KCl

1000

78

NaCl
MgCl.
MgCl
KCl .

CaCU

200-1-

200-f

200+
4

100

200+

200 -i-

9

4

7

2

12

100

^m-
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TABLE V. LUNULARIA

All quantities 'given are cubic centimeters of 3^/80 solutions

Culture Solution

Dilute artificial sea water:

1000 Nacl
78 MgCl.
38 MgS04
22 KCl
ro CaCla

Distilled water. . . .

NaCl...
1000 NaCl

10 CaCla

1000 NaCl
33 KCl
10 CaCU

1000 NaCl
78 MgCU
10 CaCla

looo NaCl ^

78 MgCl,
22 KCl

1000 NaCl
23 KCl

1000 NaCl
78 MgCU

MgCU..
KCL . .

.

CaCU...

Growth in i=;o Days

Length of thallus

in mm.

6.52

6.60
0.50

4.60

5-40

S-50

0.54

0.50

0.52

0.50
0.50

4-55

Per cent, increase in
length of thallus

1204

1220
o

820

980

1000

8

4

o
o

810

Aggregate length

of rhizoids jjer

thallus in mm.

168

180

114

123 -5

125

0-3

O. I

o
o

90

EQUISETUM

The spores of Equisetum retain their vitality for only a few days.

The fruiting cones were brought into the laboratory and allowed to

stand for a day or two. The freshly shed spores were then placed on

the surfaces of solutions in covered glass dishes. They germinate

rapidly and in a few days produce prothallia of fair size. The aver-

age results of four series of experiments are shown in Table VI and
w

fig- 4'
T

FLOWERING PLANTS

The most extensive series of experiments was made with wheat.

The variety selected is known as Early Genesee. The percentage
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*

i

of germination is very high and the growth is vigorous from the start.

The plan fhrst tried was that of carefully placing the seeds on the

surface of the solutions so that they float. This worked well with

i

\

\

o
4

o
5 6

Fig. 3.—Growth of gem-

mae of Lunularia in various

3m/8o solutions during 150

days. The quantities are

stated in cubic centimeters,

and the gain in length of

thallus in per cent, i, CaClj,

gain 810. 2, NaCl 1000

+ MgCU 78 -f CaCla 10,

gain 1000. 3, dilute arti-

ficial sea water, NaCl = ap,

2,m/^<=>i gain

NaCl 1060 +
1204.

KCl
4.

22,

gain o. S, NaCl 1000

+ MgCl, 78, gain 4. 6,

NaCl 1000 + MgCla 78

+ KCi 22, gain 8.
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wheat and other small seeds during the first stages of germination;

but if the experiments are to be carried beyond this stage, the seed-

hngs must be supported so that the leaves do not come into contact

with the solution. After

I 2

o
6 some trials the following

device was hit uponwhich

answers the purpose
admirably. A strip of

filter paper is folded

and one of

the folds turned back as

lengthwise

shown in fig. 5 The

seeds are placed in the

trough thus formed and

the whole strip is then

bent into a circle and

placed in a tumbler previ-

ously filled with solution.

The strip should be of

such length that when

placed in the top of the

Fig. 4,—Development of spores tumbler the ends jUSt

meet and so form a stiff

collar which just fits

inside the top of the

tumblers and which will

not slip down. A large

number of these collars

may be prepared, filled

with seeds, bent into

circles, and secured by

ordinary paper-clips

of Equisetum in various 3W/160
solutions during 50 days. Quanti-
ties are stated in cubic

meters; the gain

thallus exclusive of

centi-

in length of

rhizoids is

I, distilledstated in per cent,

water, gain 1760. 2, dilute arti-

ficial sea water, NaCl
3w/i6o, gain 1500. 3,

1000 + KCl 22 + CaCU 10, gain

1500. 4, NaCl looo+CaCla lo,

gain 980, 5, CaCU, gain 700.

6, NaCl, gain o.

= ap.

NaCl

placed on the overlapping ends-

wanted.

may
only

collars in glasses previously filled with solutions.

In some where larger glasses are employed, a

may makes

(
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4

\

i

collar. It is then advisable to perforate the bottom of the seed trough

by means of a tracing wheel such as is used for patterns. This allows

the roots to penetrate the paper freely and without delay.

Care should be taken that the solution does not cover the seeds.

The paper must be spread open at the top so as to allow the air to

come into direct contact with the seeds. The micropyle should be in

contact with the moist filter paper.

Careful experiments were made to determine whether the filter
r

paper exerted any influence on the solution (by absorption, etc.,

or by concentration of the solution about the seed as the result of

evaporation) which might affect the results, but no such influence

\

i

I

TABLE VI. EQUISETUM
All quantities given are cubic centimeters of 3^/160 solutions.

Culture Solutiox

Growth in 50 Davs

Length of thallus
in mm.

Dilute artificial sea water;
1000 NaCl

38 MgS04
22 KCl
10 CaCi:^

DistiUed water. . , .

NaCl...
1000 NaCl

10 CaCU

1000 NaCl
22 KCl
10 CaCU

1000

78
10

Nad
MgCl,
CaCl,

1000 NaCl
78 MgCU
22 KCl

1000 NaCl
22 KCl

1000

78

NaCl
MgCU
MgCU
KCL.
CaCU.

0.80

0-93
0.05

0.54

0.80

0.93

0.07

0.05

0.07

0.05
0.05
0.40

Per cent, increase in

length of thallus.

exclusive of

rhizoids

1500

1760
o

980

1500

1760

40

40

o
o

7CXD

Aggregate length

of rhizoids per

thallus in mm.

8.1

9.0
o

4.7

5-^

9.0

o
o
3-2
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could be detected. The solutions were renewed from time to time and

the concentration ascertained by occasional titration.

It should be said that in general the growth of

roots (or any parts in direct contact with the

solution) furnishes a much better criterion of the

effect of solutions than the aerial portions of the

plant. In certain solutions which are so poisonous

that the roots cannot develop, the leaves may grow

fairly w^ell for a time. In these cases the poisonous

solutes are apparently filtered out by the tissues

of the seed as the solution passes through them

Fig. 5.—Sectional
on its wav to the leaf. For this reason the figures

view of wall of tumb- ^^^ the growth of roots only are here given. The

ler and seed sup- results are shown in Table VII and figs. 6 and
ported by

sup-

folded

filter paper; p^ paper;
y, which give the average of five series of ex-

w^ water line.

5, seed; t] tumbier|
perimcnts. Each number represents average

measurements of at least four or five hundred
+

seeds- This is necessary in order to do away with

the individual variation so common in seeds.

TABLE VII. WHEAT
All quantities given are cubic centimeters of 3^/25 solutions

Growth in 40 Days

Culture Solution Aggregate length of roots
per plant in mm.

Dilute artificial sea water:
1000 NaCl \

78 MgCl. )

s8 MeSO. >
.

.

K

w

360

740

59

254

324

327

7
68

22 KCl
\

xo CaCU '

Distilled water
NaCl

1000 NaCl if

10 CaCla > *

1000 NaCl )

22 KCl V

10 CaCla )

1000 NaCl )

78 MgCU f
10 CaCla )

MgCla
KCl
CaCU 70
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A similar though less extensive series of experiments was carried

out with flax, alfalfa, red-beet, and radish seeds. Another scries

was made byplacing

pieces of the fresh-

water aquatics,
Zannichellia and
Potamogeton, in

solutions, or in the

case of Lemna, by

allowing the plants

to float on the sur-

face. The results

in all these cases

w^ere similar to those

given above.

It is thought Fig. 6.—^Growth of roots of wheat in various 3W/25
desirable to see how solutions. Quantities are stated in cubic centimeters,

would ^^^ ^^^ aggregate length of roots in millimeters. I, NaCIcuttings
11 1 . . 1000 + KCl 22 + CaCla 10, length 324. 2, NaCl 1000
DCnave under Simi- +CaCl. ro, length 254. 3, CaCU, length 70. 4. NaCl,
lar treatment. Cut- length 59,

tings (about nine

inches in length) of Tradescantia and Tropaeolum were placed

upright in bottles^ the lower three inches of the plant being submerged

TABLE VIII. CUTTINGS
All quantities given are cubic centimeters of 3W/32 solutions.

Culture Solution

Growth in 10 Days

Tradescantia TropacoUim

Dilute artificial sea water
1000 NaCl
78 MgCI.
38 MgSO^
22 KCl
10 CaCla

Distilled water

Long roots Long roots

NaCl...
1000 NaCI
loCaCU

iQoo NaCl
22 KCl .

10 CaCU )

Very long roots

No roots

Short roots

iL^ium length roots

Very long roots

No roots

Short roots

Medium length roots
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in the solution. Absorbent cotton was packed in the neck of the

bottle to exclude dirt and hinder evaporation. The results were

similar to those described above, as will be seen from Table VIII.

Finally the question was raised whether

the tissues of the stem and leaf, if brought

into direct contact with the solution, would

behave like the root. To

answer this, sections of

considerable (but uni-

form) thickness were cut

with a microtome and

placed in the solutions.

The results appear in

Table IX.

The results described

in this paper are in all

strikingmessentials

agreement with those

obtained from the study

of marine plants, as well

as from the study of

marine and fresh-water

animals as referred to in

the first part of this

paper This agreement

360m 2, in distilled

water, aggregate length of roots 740^™.

Fig. 7.—Growth of roots of wheat for 40 days. shoWS that the principle

I, in dilute artificial sea water (NaCl= ap.3m/25), ^f balanced solutions is

of general vahdity .^ The

application of this prin-

ciple to soil and river water^ and to nutrient solutions, I hope to take

up in a subsequent paper.

3 LoEw and his pupils have shown that calcium antagonizes magnesium (cf.

Bull. No. 18, Div. Veg. Phys. and Path. U. S. Dept. Agric. 1899). See also the antago-

nistic effects noted by Kearney and Cameron (Report No. 71, IT. S. Dept. Agric.

1902) in their studies on the salts of alkali soils. The method employed by them
(observation of the root-tip only) is so dififerent from mine that I have not attempted
to compare the results,

4 In the first part of this paper I have referred to the composition of tap water,

but it seems advisable to defer the discussion of this point.
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TABLE IX. SECTIONS
All quantities given are cubic centimeters of 3W/32 solutions.

Culture Solution

Dilute artificial sea water:
1000 NaCl

73 MgCl.
38 MgS04
22 KCl
10 CaCI,

Distilled water
NaCl....,

1000 NaCl
I

10 CaCIa 3

1000 NaCl
22 KCl
10 CaCla

Duration of Life in Days

Red beet:
Cross-sections

of root

35

35
18

25

Mesembry-
anthemum

:

Cross-sections

of leaf

Tradescantia:
Cross sections

of stem

Tropacolum:
Cross sections

of leaf

16

30

l8

9

12

19

15

20

12

18

19

25

32

20

22

For the sake of clearness it seems desirable to call attention to the

distinction between balanced solutions and ordinary nutrient solu-

tions. A nutrient solution may be used in such dilute form that none

of its components could exert any toxic action even if the other con-

stituents were removed. poisonous

to be inhibited and consequently no balancing of the solution is

required. Our only concern is to supply all the substances needed

for nutrition, irrespective of any balancing action, and so form a

complete nutrient solution.

If we increase the concentration of this solution, however, we soon

reach the point where some or all of the components begin to exert

their individual toxic effects, whereupon it may become necessary

to inhibit these effects by proper adjustment of the relative propor-

tions of the substances present or by the addition of other substances.

The substances added to produce a balance do not necessarily have a

nutritive value. For example, Loeb^ was able to balance certain

solutions by adding zinc, cobalt, aluminum, etc.^

5 Am. Jour. Physiology 6:411-433. 1902.

* To make clear this distinction between balanced and nutrient solutions is more

necessary, since Loew^ and Aso (Bull. Coll. Agr. Tokyo Imp. University 7^^395- ^9^l)

confuse the two kinds of solutions. Their criticisms are wholly based on this mis-

conception and do not affect the matter as T have presented it. The distinction

between nutrient and balanced solutions is due to Loeb, who has explained it clearly

in his Dynamik der Lebenserscheinimgen 1 15-120.
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In general we may know when the solution is properly balanced

by comparing its effects with those of pure'^ distilled water. In a

properly balanced solution w^e expect the organism to live approxi-

mately as long as in distilled water, and while it will not grow so fast

(on account of the osmotic pressure), the ultimate development reached

should be comparable with that attained in distilled water.^
^ - _ ^

Why all these effects are so, we are not at present prepared to say

in detail. Loeb has gone farther than any other in the explanation

of these phenomena, referring them to the effects of salts and ions on

proteids^. According to his conception any metal must be poisonous

when it alone is present in the solution, for It will enter the proteids

and drive out other metals in accordance with the law of mass action.

This will of course alter the properties of the proteids and so cause

disturbances in function. The only way to prevent this is to main-

tain a proper balance between the various metals in the solution.

It may be pointed out that an analogy exists between the effects

described here and various reactions in which proteids are in-

volved. Antagonism between Na and Ca, for example, is see in
r

the clotting of blood, which is hindered by Na and favored by Ca.

The thing of chief.importance is the agreement in behavior of such

a great diversity of plants wdth the fresh-water and marine animals

already studied. Thereby is brought to light a new point of similarity

between animals and plants which is fundamental in character and

which must be taken into consideration in attempting to formulate

a theory of living matter.

University of California
4-

7 Water twice distilled from glass, the first third of the distillate being rejected,

is usually regarded as pure. But such water may be quite poisonous if any part of

the apparatus, including stoppers, be new. The longer the apparatus is used the less
* ^ _

poisonous

s Higher concentrations excepted.

9 See references in the first part of this paper, Box. Gaz. 42; 134. 1906
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FERTILIZATION AND EMBRYOGENY IN EPHEDRA
TRIFURCA^

FROM THE HULL BOTANICAL LABOEATORY

W. J. G. Land

(with PLATES XX-XXIl)'

Little attention has been given to the fertilization and embryogeny

of Ephedra, the only accounts being those of Strasburger and

Jaccard. In 1872 StRxVSburger,* studying E. altissima^ described

and figured unfertilized eggs and four stages of the embryo immediately

and In 1876 he described^ a

series of stages in E. aUissima from the central cell of the archegonium

to the formation of suspensors. He noted the penetration of the

pollen tube, which, he says, reaches the egg through a canal formed

by the breaking-down of the neck cells of the archegonium- Fertili-

zation was not obsenxd, but several stages of the proembr}^o were

noted. Usually three to eight proembryos are formed and arranged

in a row down the middle of the ecfor. He calls attention to what he

considers an abnormal condition, in which the cytoplasm of the egg

is pierced through by irregular tortuous channels supported through-

out their length by kinoplasmic fibers. These channels extend around

and finally inclose a portion of the egg cytoplasm together with a

single nucleus. He thinks these channels result from the activities

of this single nucleus which is finally inclosed. The breaking-out

of the suspensors from the archegonia was noted. His third account,-*

published in 1879, deals at some length with the embrj^ogeny of E.

campylopoda, but adds little to the results obtained from E. altissima.

In 1894 Jaccard/' studying E. helvetica, observed the pollen tube

* Read before the Botanical Society of America, December 1906; abstract pub-

lished in Science N. S. 25:282, 283. 1907.

^ Strasburger, E., Die Coniferen und die Gnetaceen, 1872.

3 Strasburger, E., Ueber Zellbildung und Zellteilung. 1876.

^ Strasburger, E., Die Angiospermen und die G}Tnnospermen. 1879,

5 Jaccard, P., Recherches embryologiques sur YEphedra helvetica. Inaugural

Dissertation. Lausanne, 1894,

273] [Botanical Gazette, vol. 44
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entering the archegonium, one male nucleus in contact with the egg

nucleus, and the second male nucleus, the stalk cell, and the tube nu-
.

cleus lying in the micropylar end of the egg. He also studied pollen

tubes grown in five per cent, gelatin in sterilized pear juice. He noted

the disorganization of the jacket cells and describes a fusion of the

nuclei of the jacket cells with one another and their subsequent migra- I

tion into the cytoplasm of the tgg. He also observed a large number

of small nuclei in the egg, the nature and origin of which he was not

able to determine. He further states that a suspensor ("prosuspen-

seur" or ^^embryonalschlauch'') is not formed. ' The elongation of

form

columelle") is noted.

embryogeny of E. trij

is the continuation of the paper^ which dealt with spermatogenesis

and oogenesis in the same species. Material for the study was

collected at Mesilla, New Mexico, chiefly in April 1904. Much of

the material collected in 1903 was imfit for a study of fertilization

stages because of the ravages of a parasitic insect which attacked the

ovules about the time of pollination. Embryos having been observed

about April 20, 1903, it was hoped that by beginning to make collec-

tions as early as April i in the following season and continuing them

at intervals of two days a fairly complete series could be obtained.

Collecting was discontinued April 20, 1904, at which time the majority

size. The season of 1904maximum
md dry and in conseque]

much so in fact that em
ma

Not all of the material collected at the earliest date had been pollinated.

In iQoq staminate strobili sent from the Carnede Desert Laboratory,

phyte.

possible

POLLEN TUBES AND lERTILIZATION

Pollen grains were placed in a ten per cent, solution of saccharose

on a slide in a moist chamber. By evaporation the solution became

considerably denser toward the close of the experiment. Shordy

w Box.

Gazette 38:1-18. pis, i~j. 1904.

I
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after being placed In the sugar solution^ the fluted exine is ruptured

by a longitudinal split extending along one side of the grain from end

to end, and the intine with its contents is completely freed. The two

prothallial cells soon disappear and the cytoplasm of the prothallial

end becomes very vacuolate. The body cell next divides, the spindle

being parallel with the long axis of the pollen grain {fig. i). At the

same time the tube nucleus and the stalk cell, which lie at opposite

mov
side, or occasionally they may lie as shown in fig. 2. The tube nucleus

comes to rest against the wall, assumes a lenticular shape, and soon

afterward the poll Appear-

ances seem to indicate that the pollen tube is produced at the point

of separation of the tetrads, but this could not be definitely determined

because of the symmetry of the pollen grain and the possibility of a

mass

The male nuclei are of equal volume and are truly elliptical. One of

them almost invariably passes in advance of the stalk cellj which takes

a position in advance of the rearmost male nucleus (fig-j)- Measure-

ments of male nuclei show them to be exactly of like dimensions;

neither is there any optical difference. Their relative position in the

pollen tube is the only evidence^ if evidence it be, of any inequahty.

There is little doubt that the male nucleus nearest the end of the tube

will succeed in fusing wuth the egg nucleus because of its favorable

position. Within ten hours from the time the pollen grains were

placed in the sugar solution the pollen tubes were sufficiently long to

reach the egg. After twenty-four hours the tubes ceased to elongate,

at which time they were three to four times longer than is neces-

sary to penetrate to the egg. The stalk nucleus is usually about half

the diameter of the male nucleus. The tube nucleus is variable in

common
As has been shown in the study of spermatogenesis and oogenesis,

the pollen grains come to rest on the bottom of the pollen chamber

in contact with the gametophyte, in the vicinity of or on the necks of

the archegonia. Occasionally pollen grains rest on the sides of the

pollen chamber as well as on the bottom, but by far the greater number

rest on the bottom, and in consequence the pollen tubes are put out

directly into the archegonia. Since all material studied was fixed
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at least four days after pollination, and fertilization is possible within

EMBRYOGENY
F

The fusion nucleus gives rise to eight free nuclei^ more or less

unequal in size, and three to five of the largest ones surround them-

selves by a wall and produce embryos. The free nuclei are either

arranged in a row down the middle of the egg, or more frequently are

scattered through it. The lower ones in general successfully produce

embr}'os, although a few instances were noted in which the lower ones

did not function further than the one-celled stage, the micropylar ones

*

I

I

ten hours after pollination, it has been very difficult to secure fertili-

zation and early proembryonal stages. Only those ovules which

have been incompletely pollinated by having the pollen lodged for

a time in the long tubular micropyle, and later dislodged and reaching

the pollen chamber, can by any possibility show fertilization. From

the nature of things such a delay in pollination must be very rare,

although the ovules are peculiarly fitted to have such delays occur.

Among over 2800 ovules sectioned at the time when fertilization was
\

expected, only two {fgs. 4 and 5) showed early stages.

The pollen tube forces its way between the neck cells of the arche-

gonium, rarely destroying them in its passage. Only in one or two

instances were the low^r neck cells destroyed. In ]ig. 4 the lower and

apparently double nucleus shows the all but complete fusion of the

sperm and the egg nuclei. The small nucleus lying immediately

above the fusing nuclei is the ventral nucleus; the one immediately

above it is the second male nucleus, which in this instance has passed

deeper into the egg cytoplasm than usual. Fig. 5 shows the fusion

nucleus with fragments of the ventral nucleus lying above it. The

second male nucleus, with the stalk nucleus and tube nucleus lying

immediately below it, is seen in the upper end of the egg. The stalk

nucleus and the tube nucleus soon disappear. The second male

nucleus does not ordinarily penetrate deeper into the egg than is

shown in fig. 5, but undergoes its final changes here- The dense

mass of cytoplasm surrounding the fusion nucleus and extending

downward through the egg is well shown in figs, 4 and 5. This mass

first appears as a densely staining spherical body in the upper third

of the central cell, and disappears with the formation of proembryos. .

I

I

r
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alone being successful. Nearly all of the largest vacuoles in the egg

disappear shortly after fertilization, and the cytoplasm becomes more
and more homogeneous as free nuclear division progresses. The pro-

embryonal nuclei usually become so dense that they can be seen with

difficulty in the cytoplasm.

Delicate cytoplasmic radiations, similar to those figured in the

unfertilized egg, stream out from each nucleus and end in a denser ring

of cytoplasm. This delicately radiating cytoplasm becomes more and

h
fig-

produce suspensors. Fig. y shows two or four functioning pro-

embryos. The first suggestion of walls, or rather cytoplasmic thick-

enings, is shown in f^gs. 6 and 7. The functioning proembryos

isolate themselves from the surrounding cytoplasm as follows. Cleav-

age cracks appear, starting presumably at the equatorial region of

the last spindle, although all trace of a spindle has disappeared before

cleavage is apparent. An early stage of incomplete cleavage between

sister cells is shown in jig, 8. The cleavage cracks, following the

feebly defined wall or cytoplasmic thickening, continue until they

meet around the nucleus, carving out a more or less irregular mass

of cytoplasm for each nucleus. Three of five completely isolated

proembryos are shown in -fig, p, which also shows masses of egg

cytoplasm that have not been appropriated by the proembryonal cells.

At the time the proembryonal cells have freed themselves completely

from the ^gg cytoplasm they lie in a nutritive mass derived from

various sources. Shortly after fertilization, the walls of the jacket

cells, which always have been extremely tenuous, disappear and in

most preparations the jacket-cell cytoplasm becomes mixed with that

of the egg {f.g. g). Shortly before the walls disappear the jacket

cells become binucleate, the nuclei dividing either mitotically or amito-

tically. Occasionally mitotic divisions occur simultaneously in every

cell of both layers of the jacket, or every division may be amitotic,

or both kinds of division may occur in the same jacket. When the

latter occurs, the nuclei at the upper end of the archegonium divide

amitotically, and these amitotic divisions can easily be mistaken for

fusion. Occasionally the jacket nuclei enlarge, fragment, and their

chromatin is scattered through the cytoplasm of the jacket cell and
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later passes out into the egg cytoplasm. Sometimes this fragmenta-

tion is accompanied by kinoplasmic fibers, as shown in fig. 10. Fig. g

also shows an intact jacket-cell nucleus which has passed into the egg

cytoplasm. Occasionallyj though rarely, instances were noted in

which the jacket cells do not become binucleate and break down at

the time of fertilization; some of them, especially those near the

middle of the archegonium, have the nucleus surrounded by delicate

cytoplasmic radiations similar to those noted in the unfertilized egg.

These nuclei also very much resemble the egg except in size, being

of course much smaller. Apogamy was at first suspected, but further
i

study showed that these egglike jacket nuclei do not function, being

finally broken down and absorbed by the embryos.

The second male nucleus is normally in the position shown in

fig. 5. It enlarges and occupies the upper part of the egg and extends

into the space recently filled by the adjacent jacket cells. The chro-

matin is arranged in strands, at the ends of some of which it may

be aggregated in small groups {figs. 6, 7). The nuclear membrane

breaks down on one side {fig, 6) and cleavage planes pass up into the

nucleus. Fig. 7 shows a male nucleus with an irregular mass of

spindles with groups of chromatin granules at the poles. Later the

region occupied by the male nucleus is filled with a number of small

cells which may have come from further division of the second male

nucleus, or some of them may be a joint product of chromatin from

the male nucleus and from the jacket nuclei. Below this region are

numerous small cells which possibly may have resulted either from

further division of the functionless procmbryos, or by division of the

jacket nuclei which have wandered into the egg cytoplasm or from

both sources, and still others from masses of cytoplasm which may
have been separated into smaller masses of cytoplasm by cleavage

planes, as shown in fig. p. Numbers of the very small cells seem to

have a single granule in the center; others appear to be only masses

of cytoplasm. This nutritive mass, presumably derived from so many

sources, is very ephemeral and is quickly absorbed by the functioning

procmbryos.

In the ephemeral nutritive mass in which the procmbryos lie it

seems that we have at least a suggestion of the origin of endosperm.

i

f

i

The term endosperm is here used in the strict angiosperm sense and
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must not be confused with the female gametophyte of gymnospermsl

Many things lead to the belief that the chromatin of the second male

nucleus, together with that of the jacket nuclei, has something to do

with the production of at least a part of the mass of small cells which

appears in the egg and jacket region. It is at the edge of the dis-

integrating male nucleus that spindles first appear, with either a

few granules or masses of chromatin at their poles. The absolute

equality of the male nuclei, for they differ in no visible way except in

position in the pollen tube, seems to suggest that the nucleus which

does not fuse with the egg nucleus functions in some other way; for

cells which cease to function are either eliminated or show signs which

point to their future elimination. If it can be shown beyond doubt that

the chromatin of the second male nucleus together with some of the

jacket-cell nuclei or the chromatin from these nuclei arc jointly respon-

sible for some of the small cells in the egg and jacket region, it follows

that we have the foreshadowing if not the real beginning of endosperm.

At least it may for the present be designated as physiological endo-

sperm. The apparently universal occurrence of triple fusion in angio-

sperms seems to preclude the possibility that they may furnish a

solution for this problem. It is not impossible that the Gnetales,

which in so many ways have reached the angiosperm level, may
have some member which will give an answer to the problem of the

origin of the angiospermic endosperm. The ephemeral mass of nutri-

tive cells is certainly larger in E. trifurca than the endosperm mass

of many angiosperms.

The functioning proembryonal cells round out as the adjacent

nutritive mass is absorbed {fig. 10). The nucleus of a proembryonal

cell divides, giving rise to two free nuclei, which at first are equal in

size, but one soon gains an ascendancy over the other, becoming

noticeably larger. A large vacuole develops in the upper part of the
r

cell and the free nuclei pass down and to one side of the cell if it is

one of the upper proembryos, but to the bottom if it is the lowest one

in the archegonium. The larger nucleus is invariably placed lowest

in the cell. Two papillae, seemingly initiated by the nuclei, arc put

out by the cell wall from the points nearest the nuclei {fig, 11). Soon

the papilla nearest the larger nucleus rapidly elongates and the other

papilla disappears
{fig. ij). In one instance four free nuclei, one
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(fig

(fig

(figs

integrates {fig. ig). The suspensor quickly elongates, thrusts the

embryo initial deeply downward into the gametophyte, and remains

turgid until the secondary suspensor appears (fig. 2j)y when it col-

lapses. The longest suspensor noted reached a length of 3.1
mm

immediately before the differentiation of dermato ^-r

is cut off early, as shown by fig. 2j. The latter figure also shows the

first appearance of the secondary suspensor, a later stage of which is

shown in fig. 24. The secondary suspensor is added to by successive

mer

from and lastly the

ondary suspensor (''le columelle'' of Jaccard), derived from the

sal cells of the embr}"0.

Coincident with fertilization and development of the proembryos,

I

large, two smaller, and one very minute, were observed in a proem-

bryonal cell. The suspensor tube is immediately directed downward

toward the antipodal region if the cell is the lowest one in the arche-

gonium, but outward and then downward if from one of the upper

cells. Fig. 13 shows the suspensor tube before either of the nuclei i

has entered it. The larger nucleus passes down nearly to the end

of the suspensor tube, and immediately behind it a cleavage ring,

beginning at the wall of the suspensor tube and gradually extending
*

j

inward, appears in the cytoplasm and separates it into two masses, !

each containing a nucleus. Fig. 14 shows the cleavage ring incom-

plete; and fig. 75 is a much higher magnification of the same section. i

A wall separating the suspensor tube into two regions is then estab-

lished at the cleavage plane.

!

The nucleus of the embryo initial cell divides and a transverse wall

is laid down in the usual way along the cell plate {fig. 18). Fig. 19

shows a two-celled embryo with the wall fully established. An anti-

clinal division of the basal cell next occurs, the wall being either

parallel with the suspensor {fig. 21) or slightly inclined {fig. 20). {I

.!

i

1

into the root cap. There are three stages of suspensor formation:

the suspensor tube, initiated by the activity of the nucleus which 1

finally becomes the embryo-initial nucleus; the single suspensor,

i
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the gametophyte is stimulated to further activity. A single plate of

the outermost layer of cells of the gametophyte, forming the bottom

of the pollen chamber and extending outward a short distance under

the tip of the nucellus, becomes meristematic {]ig. 2j), and by repeated

periclinal and a few anticlinal divisions forms a plug which effectually

closes the poren chamber and receives the backward thrust of the

elongating cells of the gametophyte and later of the embryo; this plug

persists until absorbed by the maturing embryo. The antipodal

region begins active division and the bulk of the gametophyte is

materially increased. The cells near the archegonia first elongate,

followed successively by groups of cells extending across the gameto-

phyte. The elongated cells after having lost their contents are folded

back and forth in the micropylar region (fig. ^5), being prevented

from escaping through the pollen chamber by the pollen-chamber

plug- This elongation of groups of cells, proceeding successively

from the micropylar to the antipodal region, serves admirably to keep

an abundance of food constantly near the embryo.

matures
t>

wath food. The epidermal cells, especially those of the nucellus, are

filled with starch and become so turgid that they are frequently torn

from the layer beneath (fig

May
of yoiing plants were escaping from strobili still attached to the stem.

This shows that under conditions favorable for growth the period of

rest of the seed of E. trijurca is a brief one, if indeed it has a rcsting-

period.

Staminate and ovulate strobili were first recognized in December,

but they had probably been set the preceding month and perhaps

earlier. The time from the setting of the strobili to the ^^germina-

tion'' of the seed is therefore approximately six months. Compared

with pines the time is short, for the latter require about thirty-six

months.

DISCUSSION

pound

to all Gnetales and shared by the Coniferales. The staminate

strobilus, as in other Gnetales, is also compound, a character not found

in other gymnosperms. Perhaps the nearest approach to a com-
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7 Coulter, John M. and Land, W. J. G., Gametophytes an<]

taxijolia. Box. Gazette 39:161-178. pis. A^ i-j. 1905.

s Pearson, H. H. W., Some observations on Welwitschiu :

Phil. Trans. Roy. Soc. London B 188:265-304. ph. 18-22, 1906.

I

/

I

I

pound staminate strobilus outside the Gnetales is the short branch

of ToTTQya taxifolia,'^ which bears a simple staminate strobilus in

the axil of each leaf of the short branch. It is conceivable that by

shortening the internodes in such a branch, combined with a further

reduction of the sporophyll number, a compound strobilus will result;

it is at least suggestive of the way in which staminate and ovulate

compound strobili may have originated.

The two integuments of the ovule of Ephedra, a character shared

with the Taxineae, may be regarded as a primitive condition, a con-

.

dition even more primitive than in Taxineae, for the nucellus is free

for a considerable part of its length. Also the inner integument first

appears as two parts, and the outer as four, each distinct in origin.

The tendency in both gymnosperms and angiosperms seems to be

toward union of the two integuments into one.

The male gametophyte of E. triftirca shows a primitive condition

in that it has retained two persistent prothallial cells, A comparison

with the other groups of gymnosperms shows that in Cycadales the

male gametophyte is less primitive in that it has retained only one

prothallial cell, with perhaps occasionally another very evanescent

one. Ginkgoales have one persistent and one evanescent prothallial

cell. In Conifcralcs the Taxaceae and the Pinaceae show all grades

in reduction of prothallial cells; Podocarpus Halliiy now being

studied in this laboratory by Mr. L. L. Burlingame, frequently

has as many as eight prothallial cells; Taxus and Torreya have none;
(

Araucaria perhaps shows several prothallial cells; Pinus has two

evanescent prothallial cells; and the Cupressineae none at all.
j

According to Pearson,^ Tumboa has one prothallial cell. The

testimony as to the Gnetums is doubtful; apparently some of them

have one ephemeral prothallial cell and others none at all. E, tri-

jurcaj therefore, may be said to have retained a primitive character

of its male gametophyte longer than Cycadales and Ginkgo, and

longer than most Coniferales. ' It is possible that the number of

prothallial cells will be found to var}^ in other species of Ephedra; {

<

(
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Strasburger found one prothallial cell in E. campylopoda and

Jaccard none at all in E. helvetica. The technique is difficult and

it is not safe to assume the absence of prothallial cells until a very

large number of thin sections have been studied. The Gnetales as

a group appear to have retained the primitive character of the male

gametophyte along with a very high degree of specialization of the

female gametophyte. In general a form showing a number of highly

specialized characters may be expected to have primitive characters

still lingering sorriewhere, perhaps because of the very high speciali-

zation of the majority of structures.

The usual number of sperms or male nuclei in gymnosperms is two.

That this reduced number is derived from a gymnospcrm condition

in which more than two sperms or male nuclei were produced in a

single pollen tube is very probable. The comparative study of anther-

idia and archegonia of bryophytes and pteridophytes shows that the

antheridium is less conservative than the archegonium. Possibly

the retention of the usual two sperms or male cells in gymnosperms

is dependent upon the conditions under which they function. In

gymnosperms the female gametophyte appears to have two tendencies;

first to collect the archegonia into groups—archegonium complexes

in a common archegonial chamber; second, to reduce gradually the

number of archegonia, maturing the few which are left earlier and

earlier in the history of the female gametophyte, until they mature

immediately after the free nuclear stage; finally, the free nuclei become

eggs. The first-named situation, which perhaps after all may be

only one of the stages in the last-named series, is best shown by the

Cupressineae; the second tendency is illustrated by the taxad-Gncta-

les-angiosperm scries. In Cycadales the sperms in each pollen tube,

with one exception as yet, are two and equal, both being discharged

into an archegonial chamber in which the archegonia are grouped;

and each sperm has an equal chance to function. In Cycadales the

archegonia are on the whole numerous, and that the archegonial

group has resulted from the coming-together of scattered archegonia

and that the tendency is further to eliminate archegonia is shown by

the recent studies of Dioon edule by Chamberlain,^ who finds from

Chamberlain Box.

G.\2ETTE 42:321-358. 1906.
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five to one archegonia in a chamber. An exceptional case was noted
r

in which there were two archegonial chambers, each containing five

archegonia; also instances were noted in which no archegonia were

produced

.

In Ginkgoales the two equal sperms are discharged into an arche-

gonial chamber usually containing two archegonia, although occasion-

ally three may be present; one functional and one abortive archego-

nium are not infrequent. Here, as in cycads, conditions are favorable

for the retention of equality of sperms, at least for a very long time.

In Coniferales the situation is variable. In Podocarpus coriacea^

CoKER^° found unequal male nuclei. The long-necked archegonia

vary from six to ten and are separated from each other by one or more
I

layers of cells; and the jacket cells do not go to pieces at the time of

fertilization. Since a pollen tube discharges its contents into a

single archegonium, only one male nucleus can possibly function.

In Taxus^^ and in Torreya'^ the male nuclei are unequal, and the

In

Torreya the usually solitary archegonium appears as soon as walls

are formed; even for a time after fertilization the walls are extremely

tenuous, but show no tendency to break down. The gametophyte

situation therefore closely resembles that in Ephedra.

In Pinus the numerous archegonia are scattered as in Podocarpus,

latter perhaps throws some light on the Ephedra situation.

but differ in that each archegonium has an individual archegonial

chamber. The second male nucleus has no chance to function unless

it may occasionally fuse with the ventral nucleus. The male nuclei

are reported by Coulter' 3 to be equal in P. Bankslana; Chamber-

lain'-* reports them equal in P. Laricio; while in P. Strohus ]Miss

Ferguson' 5 reports them as unequal. An examination of Miss

^<^ CoKER, W, C., Notes on the gametophytes and embryo of Podocarpus. Box.
Gazette 33:89-107. pis. $-7, 1902.

Deutsch. Bot. Gesells. 11:196-201. pi. 12. 1893.

" Coulter, John M., and Land, W. J. G., Gametophyt
reya taxijolia. Box. G-\zette 39:161-178. pis. A, 1-3. 1905.

^3 Coulter, John M,, Notes on fertilization and embryo^
Gazette 23:40-43. pi 6. 1897.

Gymnospermen. Ber.

Box

4-6.

Laricio. Box. Gazette 27: 268-280

r

IS FERGtfsox, Margaret C, Contribution to the knowledge of the life-history

of Pinus. Proc, Wash. Acad. Sci. 6:1-202. pis. 1-24. 1903.

J

t

J

t
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Ferguson's drawings, which show some of the male nuclei very irregu-

lar in outline, suggests the desirability that conclusions as to the

equality of irregular nuclei should be based on volume rather than on

optical sections. Perhaps the male nuclei of P, Banksiana and P.

Laricio are more resistant to the conditions which cause elimination of

supernumerary cells than is P. Sirobus.

In Cupressineae the tendency to mass the archegonia in a common
group finds its highest expression; in Thuja the further tendency to

eliminate some of the archegonia is also apparent. In this group,

with one notable exception, the male nuclei are two, and in all, so far

as yet seen, are equal in volume and have equal chances to function.

There are good reasons for believing that if few male nuclei were dis-

charged into the complex the number of archegonia would be reduced

gradually because of failure to function. In most of the Cupressineae

the relatively high number of archegonia in a complex seems to be

retained by having several pollen tubes reach the complex.

A member of the Cupressineae gave us the first proof of what

seems to have been the primitive condition of the gymnosperm pollen

tube. In 1904 JiTEL,'^ studying Cupresstis Goveniana, found some-

times four, more frequently eight to ten, and occasionally as many

as twenty male cells in each pollen tube. Juel considers the female

gametophyte an abnormal one, for in one instance only did it get

beyond the free nuclear stage and produce archegonia. The condi-

tions which enable these numerous male nuclei to function are cer-

tainly ideal. In order to retain the large number of male cells which

Juel rightly considers a primitive gymnosperm condition, it seems

that for some reason the female gametophyte of Cupressus Goveniana

early lost its conservatism and went a step beyond the archegonium

complex and formed free eggs. It certainly shows an interesting

transition from archegonia to free eggs, and illustrates the tendency

among gymnosperms to eliminate archegonia. The massing of

archegonia and final elimination of walls must have taken place in

Cupressus Goveniana while the male cells were still numerous, for

in no other way does it seem possible to preserve the large number of

male cells. That Juel did not observe these free nuclei functioning

m no way invalidates this conclusion.

'*5juEL, H. O., Ueber den Pollenschlauch von Cupressus. Flora 93:5^-62.

pl.j. 1904,
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-' In this connection it may be well to call attention to Microcycas calo-

coma
J
recently studied by Caldwell, ^^ which shares with Cupressus

Goveniana the distinction of having retained a large number of

spermS; sixteen being discharged from a single pollen tube. Large

numbers of clustered archegonia are scattered all over the female

gametophyte ; also in numerous cases multinucleate archegonia

were noted. This last condition seems to show that Microcycas

while retaining archegonia has also only partially established septation

among the free nuclei. The writer believes that the multinucleate

archegonia of Microcycas are homologous with the ^'archegonial

tubes" of Tumboa, and that the female gametophyte instead of being,

as Caldwell believes, the most primitive in cycads, has attained

almost if not quite to the level of Tumboa. The same tendency to

eliminate archegonia that is shown in all other groups of gymnosperms

holds for cycads in a marked degree.

The Gnetales present practically an unbroken series illustrating

the disappearance of archegonia and the coming-in of the embryo sac.

In E. trijurca the long-necked/ slightly scattered archegonia are very

similar to those of Podocarpus. The antipodal end of the gameto-

phyte is strikingly like the same region of Torreya, but the micropylar

end shows an advance over Torreya in having the cells more loosely

arranged and the jacket cells sometimes simulating eggs. The per-

sistence of two equal male nuclei is perhaps due to the fact that the

nuclei of the jacket cells in most cases become free. Another taxad

character of Ephedra is the absence of resin ducts. It must not be

assumed because of these resemblances to taxads that Ephedra, and

of course the other Gnetales, are an offshoot from the Taxaceae.

A comparison of the female gametophyte of Tumboa shows a

close resemblance to that of Ephedra in the antipodal region, but the

micropylar end shows a very decided advance. Pearson (/. c.)^n^^ that

the "corpuscula" described by Strasburger and by him considered

as archegonium initials are in reality multinucleate. He calls them

"prothallial tubes" and considers the micropylar region as even more

highly specialized than in Gnetuih. The evidence obtained from a

study of the tendencies of the female gametophyte of all groups of

17 Caldwell, O. W., Microcycas calocoma. Box. Gazette 44:ii8-i4i* P^^-

10-13. 1907.

f

\-^,
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gymnosperms leads the writer to conclude that the prothallial tubes

of Tumboa are best regarded as partial septations among the free

nuclei of the micropylar end, and that the condition shown by Tumboa
is a necessary stage in the elimination of the archegonium and the

evolution of the embryo sac. Such an explanation is in keeping with

the tendencies of every gymnosperm group. Of the male nuclei of

Tumboa we know nothing.

In Gnetiim Gnemon, according to Lotsy/^ the female gametophyte

has the antipodal region compact, with all traces of walls lost in the

micropylar end, and the free nuclei all functional eggs. This is an

advance over the partially septate condition of Tumboa. Two male

nuclei are produced, but Lotsy is silent concerning their equality;

from the condition under which they function there can be little

doubt that they are equal. Rumph
Lotsy found slight traces of septation. In the species of Gnctum
investigated by Karsten'^ all trace of septation of the embryo sac is

absent at the time of fertilization.

If we arrange a representative series of gymnosperms based on the

female gametophyte alone, the series will be as follows: Podocarpus

with its long-necked scattered archegonia; Torreya with usually a

single archegonium appearing almost immediately after the free nuclear

stage and having the antipodal and micropylar regions only slightly

differentiated; Ephedra irijurca with from one to three long-necked

archegonia with jacket cells sometimes simulating eggs, with antipodal

and micropylar regions sharply differentiated, the former compact,

the latter feebly walled; Microcycas with a loosely organized game-

tophyte at time of fertilization and having archegonia in clusters and

also clusters of multinucleate archegonia which in the opinion of the

writer, based on a comparative study of gymnosperms, are partial

septations among free nuclei; Tumboa with free nuclei functioning

as eggs in the partially septate micropylar end of the gametophyte;

Gnetum Gnemon with the antipodal region compact and the micropy-

is Lotsy, J. P., Contribution to the life-history of the genus Gnetum. Ann.

Jard. Bot. Buitenzorg 11. 1:46-114. pis. 2-11, 1899.

^^ Karsxen, H., Beitrage zur Entwickelungsgeschichte einiger Gnetum-Arten.

Bot. Zeit. 50:205-215, 221-231, 237-246. /?/5. 5, (5. 1892; also Zur Entwickelungs-

geschichte der Gattung Gnetum. Cdhn's Beitr. Biol. Pfl. 6:337-382. ph. 8-11

1893.
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lar region unseptate and containing free eggs; G. Ulay G. ovalifolium,

and G, verrucosum with an embryo sac containing free eggs. Cupres-

sus Goveniana is probably near the Tumboa level.

It seems that during the time the female gametophyte is passing

from the scattered archegonium condition either to the archegonium

complex or to the free-egg condition there will necessarily be a reduc-

tion in the number of male nuclei, because of the impossibility of

more than one functioning as we now understand the meaning of the

term function. When either the complex or the partially free-egg stage

is reached, there can be no further reduction in the number of male
j

cells remaining. From this it follows that the attainment of an advanced

stage by one structure may result in the preservation of primitive con-

ditions in another structure intimately connected with the highly

specialized one. Research in forms showing some highly specialized

structures is likely to uncover primitive conditions, which we are now

too prone to dismiss lightly as "interesting abnormalities/' but which

are in reality stages marking progress.

The division of the fertilized egg to produce eight proembryonal

nuclei is a common habit of gymnosperms. The failure of three to
F

six of these free cells in £. trijiirca is suggestive of the next stage, the

direct production of a single embryo from the fertihzed egg, which is

characteristic of Tumboa, Gnetum, and angiosperms. That the

old habit of producing several embryos is occasionally retained by

Gnetum is shown by an observation by Lotsy, who says that occasion-

ally, as the suspensor is pushing downward, branching of the embryo

may occur.

The sporophyte characters of the Gnetales are so well known that

it is needless to discuss them.

A comparison of all the characters of Gnetales seems to show that

we have a fairly consistent group, the most primitive being Ephedra,

the most advanced Gnetum, with Tumboa between, but perhaps

nearer to Gnetum than to Ephedra. That the three are phylogeneti-

cally related seems certain.

There is no proof that the Gnetales have been derived from or are

directly related to any living group. They have many characters of

Coniferales, and if related to Coniferales at all it must be to the

Taxaceae with which thev have manv things in common. Gnetales

»
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SUMMARY

Ephedra trijurca is monosporangiate, but occasionally bisporangiate

strobili occur.

The beginning of the staminate and ovulate strobili can be seen

in December; the pollen is shed about April i, and the ovulate strobili

early in May.

The anthers, developing in acropetal succession on a compound

strobilus, are surrounded by a perianth.

Two integumentSj free from each other except at the base of the

ovule, are present; the outer has four rudimentary bundles, the inner

two.

The nucellus is free from the inner integument for more than half

its length,

A conspicuous pollen chamber reaches down and lays bare the tip

of the gametophyte, on which many of the pollen grains come to rest.

The pollen chamber is finally closed by a plug derived from the

outermost layer of the gametophyte cells forming the bottom of the

chamber; this plug prevents the escape of the embryo into the pollen

chamber.

gram

poll

before the pollen tube appears.

Two male nuclei equal in volume and optical appearance are pro-

duced.

posed

antipodal

rial cells at the base. A column of thin-walled cells containing much

food extends from the base of the archegonia through the center of

the gametophyte nearly to the haustorial region, marking out the line

the embryo will follow.

Fertilization is possible within ten hours after pollination.

The walls of the jacket cells break down about the time of fertiliza-

tion and their contents mingle with the cytoplasm of the egg; occasion-

ally some of the jacket cells closely resemble the egg.
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The second male nucleus disappears in tlie upper end of the egg

and^ as it disintegrates, minute cells appear, which are believed to be

the joint product of the chromatin of the second male nucleus and the

chromatin of some of the Jacket cells; these minute cells at least

foreshadow the endosperm of angiosperms, and may be called physio-

logical endosperm.

The fusion nucleus gives rise to eight free nuclei, two to five of

which produce suspensors.

Each functioning proembryo produces an embryo with a single

suspensor.

Only one embryo reaches maturity.

If moisture is supplied the seed does not rest.

Six months elapse from the setting of the strobili to the ^' germina-

tion" of the seed.

Ephedra must be considered as the most primitive of the

Gnetales.

Note.—Since this paper was in type, a paper by Miss Berridge and Miss

Sani)y^° on £. distachya has appeared.

They report the male nuclei as being inclosed in a common cytoplasmic

sheath and markedly unequal. The functional nucleus slips from this sheath,

but was not observed to function. Two kinds of embryos—normal and p.bnor-

mal—are described; the former being essentially as described for JS. trijurca; the

latter, if the interpretation of the authors is accepted, is unique among gymno-

sperms. The nuclei of the jacket cells divide amitotically, escape from the cells,

fuse in pairs, and produce proembryos. ^'In some cases the embryos are merely

enlarged jacket cells which project into the archtgonium." The writer has

repeatedly observed in E, trijurca appearances which at the first glance might be

interpreted as they are by these authors; but on careful examination and comparison

in several thousand ovules they were found to be proembryos formed in the usual

way. The ovule of Ephedra is so delicate that a slight pressure before fixation

is almost certain to result disastrously to the structures.

The University of Chicago

EXPLANATION OF PLATES XX-XXII

All

withone-half in reproduction. Abbreviations are: mu male nucleus which fuses

the egg nucleus; Wa, male nucleus w^hich does not fuse with the egg nucleus; -y,

ao BERi^rDGE, Ethel M., and Sanday, Elizabeth, Oogenesis and Embryogeny

in Ephedra distachya. New Phytologist 6:128-134, 167-174. pis, 2, J. 1907.
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Stalk -cell nucleus; /, tube nucleus; pt, pollen tube; 0, egg nucleus; v, ventral

nucleus; p, proembryonal nucleus; st, suspensor tube; sn^ suspensor nucleus;

en, embryo -initial nucleus; s, suspensor; e^ embiy^o -initial cell.

PLATE XX

500

poll

are the tw'o male nuclei lying side by side, above and to the right is the stalk

nucleus. X500.

solution. X500.

gth

Median lonedtudinal section throueh an archeeonium

pollen tubcj the fusion of a male nu

and the second male nucleus. X250.

fragments
• >

afnitotically,

X2S0.

PLA TE XXI

Fig. 6. Upper end of egg, showing second male nucleus^ small cells derived

from various sources, and one of two functioning proembryos. X500.

Fig. 7. Upper end of egg showing a stage of the second male nucleus slightly

later than in jig, 6^ the small ephemeral cells, and t^^o of four functioning pro-

embryos. X500.

Fig. 8. Proembryos, showing incomplete cleavage of the cytoplasm. X500.

Fig. 9. Three of five functioning proembr}'os; jacket nuclei in the egg cyto-

plasm; free masses of cytoplasm; also masses of cytoplasm remaining after the

proembryonal cells have been carved out. X500.

Fig. 10. Disintegration of jacket cells. X500.

Fig. II. One of the proembryos before formation of the suspensor tube; the

nucleus will shortly divide. X500,

Fig. 12. Proembrj'o with two free nuclei and two papillae, the larger of which

is the beginning of the suspensor tube. X500.

Fig. 13. Proembrj'o with suspensor tube; the larger nucleus is the embryo-

initial nucleus; the smaller will be the suspensor nucleus. X500.

PLATE XXII

Fig, 14. Cleavage plane cutting off the embr}'o -initial cell from the tip of the

suspensor tube. X500.

Fig. 15. Detail of the cleavage plane separating the embryo initial from the

suspensor. X1900.

,
Fig. 16. A stage slightly later than fig. 14. Xsoo.

Fig. 17. Elongated suspensor with embr)^o -initial cell shortly before dividing.

X500.
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Fig, 18. Division of embryo initial cell. X500.

Fig. 19, A stage slightly later than fig, j8, X500.

Fig. 20. Di\'ision of basal cell of the embryo; length of suspensor 1.84mm

X50O. si

Fig. 21. Di\ision of apical cell of embr}'o. Xsoo.

Fig. 22. An embyro slightly older than fig, 21; length of suspensor 2.8m̂m

X50O.

Fig, 23. Organization of dermatogen and beginning of the secondary suspen-

sor; length of suspensor 3.1^"^, the longest suspensor found in any preparation.

X250.
Fig. 24. Embrj'o and secondary suspensor. X250.

Fig. 25. Early stage in formation of the pollen-chamber plug. X250.

Fig. 26. Epidermal cells of nucellus containing starch. X250.

r
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THE DEVELOPMENT OF THE SEED IN THE
PONTEDERIACEAE

W. C. COKER
F

(with plate xxiii)

A chance section of the young seed of Pontederia made several

years ago presented a peculiar appearance in the antipodal end of

the endosperm that led me to make an investigation of seed develop-

in this family. I have been able to study Pontederia cordala

and Heteranthera limosum in some detail, and Eichhornia crassipes

to a less extent. Collections of Pontederia have been made in South

Carolina and New York for several years. All my Heteranthera and

Eichhornia material was collected in Jamaica during August 1900.

Examination of the literature of this family shows but one title

dealing with its embryology. In 1898 Smith (14) published a rather

full account of seed development In Eichhornia and Pontederia, and

gave one figure of the embrj^o sac of Heteranthera. Oddly enough,

he completely overlooked the interesting peculiarity that appears in

the endosperm of all three of the above genera, but otherwise, where

parallel, my work, with a few exceptions, agrees with his. As Smith

did not attempt to give the development of Heteranthera, I have made

a careful study of its ovular growth as a comparison with his work

on Eichhornia and Pontederia. In the last two genera I have confined

myself to the origin and development of the endosperm, which has

the same peculiarity in all three types. Hofmeister (9) devotes a

few lines to the development of Pontederia, but does not mention two

sorts of endosperm.

heteranthera

megaspore

epidermis by a single tapetal layer, as is commonly the case in mono-

cotyledons {fig.

first division (fig The spindle of this division lies near the distal

(fig

(fig

293I [Botanical
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viable megasporej with three small potential ones above. The two

upper spores may either lie side by side (fig. 5); or one over the other

{fig. ja)j agreeing in this respect with Eichhornia (Smith). The

division line between the upper two cells is very obscure, and as the

cells soon show a sign of disorganization the cell wall separating

them soon becomes invisible. In Eichhornia, Smith describes two

methods of mcgaspore formation from the mother cell; one as I have

just described for Hetcranthera, and another in which ^*the elonga-

tion of the ovule is accompanied by an elongation of the primary

sporogenous cell without division of the latter. . . . The subsequent

divisions in the elongated sporogenous cell take place in quick suc-

cession.'^ He further says, " From a study of a large number of cases,

similar to figs. 14 and 15, I have been led to believe that the four
^

mother cells when formed in this w^ay are seldom, if ever, separated

by w^alls." I have noticed nothing in Heteranthera to indicate that

there are two methods of megaspore formation. Walls are always

formed in both first and second divisions, and the divisions occur in

all cases as I have described.

Almost as soon as formed, the large lower megaspore- commences

to elongate and encroach on the ones above it, and after destroying

them it pushes on through the tapetum and reaches the inner edge

of the epidermis (fig. 6). Division of the nucleus now takes place

and the embryo sac is soon organized (figs. 6 and 7). The structure

of the sac is perfectly normal at this time; the s}aiergids are rather

sharply pointed and are decidedly denser than the egg; the antipodals

are quite distinct, though small. Smith states that in both Pontederia

and Eichhornia the antipodals are ephemeral, disappearing early, but

I have found this not to be the case in either Heteranthera or Ponte^

deria. The lower end of the sac where the antipodals rest develops

scarcely at all in the subsequent growth of the ovule, and remains as a

{fig

The

and conspicuous, being

In fig. 8 is represented a sac at about the ti

definitive endosperm nucleus is very large

in fact as large as the egg or synergids.

At the stage represented in fig. g a cell wall is present^ cutting off

the lower end of the sac into a separate chamber. In this chamber

are a number of endosperm cells in addition to the three antipodals
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which still occupy their little pocket. The origin of this lower tissue

has not been determined in all stages for Heteranthera, but from its

development in Pontederia there is no doubt that it arises from the

division of the lower of the two nuclei produced by the first division

of the definitive endosperm nucleus. A later stage of this lower endo-

sperm is shown in fig, lo. The section shows five cells below the

diaphragm in addition to the antipodals.- It will be seen that the

cells below are larger than those above the partition. As this tissue

has been studied most carefully in Pontederia, I will not go into detail

here in regard to it, as it seems the same in both cases.

The structure of the nearly mature seed of Heteranthera is of

sufficient interest to warrant some description. The axial embryo

extends nearly the whole length of the seed, and is surrounded by a

large-celled endosperm, which, except in its immediate neighborhood,

is densely packed with starch. In figs, ii and 12 are shown longitudi-

nal and cross-sections of the seed coats and superficial endosperm.

The nucellus is entirely destroyed except for the scarcely recognizable

micropylar cap, and the aleuron layer of the endosperm lies in immedi-

ate contact with a heavy cellulose membrane secreted by the inner

integument. The inner integument (11) is considerably crushed

and its cells are so densely filled with deeply staining material that

their outlines are not recognizable except in unusually favorable

conditions. Beyond the inner integument is a still heavier cellulose

membrane, represented by a white line in the figures. This mem-

brane seems to be secreted by the cells of the outer integument, which

remains permanently two layers of cells in thickness. The outer

layer changes very little in appearance during the development of the

seed, remaining thin walled and boxlike, with the long axis immlng

parallel to the longitudinal axis of the seed. The cells of the inner

layer, on the contrary, undergo great changes. They become much

elongated, perpendicular to the long axis of the seed, and flattened in

the contrary direction. The partitions parallel to the long axis of

the cells are much higher at their ends than in the center, and their

outer edges dip inward in a regular curve {fig- 12). As the cells of

the outer layer follow this curve, the result is that the surface of the

seed becomes channelled and ridged in a longitudinal direction. A
longitudinal section of the seed taken near the top of a ridge would
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appear as in fig, 11. Taken in a .channel it would be the same except

for the height of the inner layer of the outer integument. At the time

m
of the seed, these large cells are found to be multinucleate, with nuclei

and protoplasm in apparently normal activity. In fig. 12 five nuclei

seemare shown in a single section; they

ordinary mitotic division. Note that, contrary to what might be

expected, they are on the outer side, where the cell walls are thin.

PONTEDERIA

As Smith has followed the early development of the embryo sac

in Pontederia, I^^have taken up its history at a point just preceding

the formation of the endosperm. In fig. ij is shown a sac just before

the division of the definitive endosperm nucleus. This nucleus lies

very low, just above the antipodal pocket, and in this position it remains

until its division. As a result of the first division, a cross-wall appears,

cutting the sac into a large upper chamber and small lower one

{fig. 14). The endosperm nuclei in each chamber now divide repeat-

edly and the protoplasm increases rapidly in amount. As already

mentioned, the lower tip of the sac does not increase in size, and as

the part above grows outward, and develops downward at the edges,

the antipodal pocket comes finally to hang from the center of a con-

siderable depression (fig. 77). The antipodals never divide, but they

are not ephemeral, as described by Smith. They are easily visible

after cell walls have appeared in the endosperm.

In the upper chamber of the sac the development of the endosperm

presents no great peculiarities; cell formation begins only after the

sac has increased in size many times and the embryo has become con-

spicuous. In the lower chamber the protoplasm increases rapidly in

extent and density (fig. 77), and the nuclei multiply by mitotic division

until their number becomes quite large, fifteen appearing in the

single section shown in fig. j/. Soon after cell walls begin to appear

in the upper chamber, they are also formed in the lower, but in a
[

much more irregular way. From the first the cells cut out of the

basal endosperm are often multinucleate, while those above are

uninucleate, as usual, when first formed. Another point of differ-

ence is that the cell walls in the antipodal endosperm soon become
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much thicker than in the tissue above {jig. i8). As the growth proceeds

their nuclei become very irregular, stain deeply, and show a tendency

to fuse together. The protoplasm also becomes much denser than

that of the upper endosperm {fig. i8). In fig. ig are represented

several cells of the antipodal endosperm more highly magnified;

they are from a stage slightly later than represented in fig. i8.

As the maturity of the seed approaches, and the upper endosperm

begins to be filled with starch, the cell contents of the lower endosperm

show signs of disintegration. The nuclei become deeply staining

and irregular masses, and the protoplasm loses its distinctive structure

and begins to disappear. No starch was found in these cells at any

time, and at the maturity of the seed they appear, like the cells

immediately above them, empty and somewhat crushed at the tip of

the embryo.

The number of cells in the basal endosperm may become quite

large. I have counted as many as forty-five in a single section, and

there must have been in that case at least tw^o hundred.

The seed coats of Pontederia are very much like those of Heteran-

thera, except that the outer integument is three cell-layers thick, with

the cells of the two outer layers thin and boxlike, and those of the

inner of the same height throughout, giving a smooth, instead of

ridged, surface to the seed.

EICHHO^NIA

My material of Eichhornia was not sufficient to follow the develop-

ment of the basal endosperm, but its presence is shown in my sections

at several stages. It seems to be similar in every way to that of Ponte-

deria and Heteranthera. The structure of the seed coats is exactly

as in Heteranthera, The same figures would do for both.

CONCLUSION

In looking over the literature of the subject I find but a single

case where a tissue similar to this has been described, and there its

origin has not been determined in detail. Billings (i) has found

that in Tillandsia usneoides there is formed in the lower part of the

embryo sac, Just above the antipodals, a tissue which in structure and

position much resembles that of the Pontedcriaceae. He does not
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give the exact origin of this tissue, but says: ''the nuclei resulting from

the first divisions of the endosperm nucleus take position at either

end of the sac^ leaving, however, a few to form a thin parietal layer

between. At the antipodal end, cell formation with walls begins

at once, and a number of large cells form a tissue which stands out

conspicuously in the cavity of the sac, which othenvise contains only

a few free endosperm nuclei." Tillandsia is considered a near rela-

tive of the Pontederiaceae, and it does not seem improbable that the
r

origin of this tissue is the same in both cases. A difference to be

noted is that in Tillandsia the basal endosperm tissue, according to

Billings, is cellular from the first.

The appearance of the cross-walls at the low^er end of the sac at

the first division of the endosperm nucleus will at once recall a similar

condition in Sagittaria (Schaffner 13), Potamogeton pauciflorus

(WiEGAND 16), and Ruppia (Muhbeck 12). In these cases, how-

ever, the nucleus in the lower chamber does not divide to form a tissue,

as in the Pontederiaceae.'

joliosus

same

pposed The

wall that cuts off the lower end of the sac is derived from the division

of one of the first four nuclei of the sac, its sister nucleus forming the

three antipodals which occupy the little pocket below. The author

thus regards the large nucleus which occupies the lower end of the

sac as an antipodal, as it is the sister nucleus of the lower polar. No
upper polar nucleus is supposed to be formed and the endosperm

develops from the lower polar. This whole procedure is so peculiar

that it seems open to some doubt until confirmed.

em
general quite normal, but in two or three cases a large nucleus was

discovered in the lower end of the sac, cut off above by a wall. He
thinks it may have originated in the same way as I have described for

Pontederia.

In Castalia odorata^ C. ampla, C. puhescens^ Nymphaea advena,

Brasenia purpurea, and Cahomha piauhiensis, Cook (5, 6) has found

that an antipodal haustorTura, cut off from the rest of the sac by a

I In Sagittaria, according to Schaffner, it may divide once or twice.

V
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wall, contains a large nucleus which has the same origin as in Ponte-

deria. This is also just what is found in the case of Saiirurus cernuus

(Johnson ii), but In none of these cases does the lower endosperm

nucleus divide.^

In Limnocharis, according to Hall (8), the lower of the two nuclei

formed by the division of the megaspore nucleus passes to the lower

end of the sac, but does not divide to form antipodals and a lower

polar nucleus. The upper polar nucleus, formed in the usual way,

sinks to the lower end of the sac, and there divides without fusion

(there being no lower polar). A cell wall resulting from this division

cuts the sac in two. The nucleus left In the upper cell divides to

form the endosperm, but the lower does not divide.

In both Naias and Zannichellia, Campbell (3) has described

a large nucleus near the antipodal end of the sac, which increases

greatly In size, but does not divide. He did not determine the origin

of this nucleus, but offers two suggestions, either that the large lower

nucleus Is the lower polar, or that it is the product of the first division

of the definitive endosperm nucleus. The latter explanation seems

most probable.

In Elodea canadensis^ Wylle (15) finds that there is generally

present a large extra nucleus in the antipodal end of the sac. He
says: "The sudden appearance of the extra nucleus in the antipodal

group, when one has in mind the behavior of the polars, might suggest

that these nuclei do not always fuse, and that one of them passes

down to the lower end of the embryo sac and joins those in the antipo-

dal pouch. The general evidence, however, is against this view.

The irregular number of nuclei displayed here and the general arrange-

ment of the cytoplasm about them would indicate that any increase

in number has come from division among the antipodals, an activity

in this region that often results from fertilization. In all embryo

sacs studied at earHer stages the lower polar had passed out of tho

tip, and its return to the antipodal group seems improbable.'' Is it

not more probable that this nucleus is formed as in Pontederia ?

2 Cook mentions a single division occurring once in Nymphaea odorata.

This discussion might be indefinitely extended by referring to the numerous cases

of chambered sacs and other peculiarities of the endosperm of dicotyledons, but

homologies are so improbable in such details that it is not necessary to cite them

further. A good exposition of this subject may be found in Coulter and Chamber-

lain's Morphology 0} the angiosperms.

'-}

1

1
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An increase in the number of antipodals by division'of the original

three has been reported in a number of families, but, so far as I can

discover, an endosperm tissue of the origin and character here de-

scribed for the Pontederiaceae has not been before described. Its

closest approach is probably to be found in Tillandsia.

Chapel Hill, N. C,

LITERATURE CITED

1. Billings, T, H., A study of Tillandsia usneoides. Box. Gazette 38:99-121.

ph. 8~ij, 1904.

2. Campbell, D. H., Notes on the structure of the embryo sac in Sparganium

and Lysichiton. Box. Gazette 27:153-166. pL i. 1899.

3. , A morphological study of Naias and Zannichellia. Proc. Calif.

Acad. Sci. III. 1:1-62. ph. i~§. 1897.

4. Chamberlain, C. J., The embryo sac of Aster novae-angliae. Bot. Gazette

20:205-212. ph. ij, 16. 1895.

5. Cook, M. T., Development of the embr}^o sac and embryo of Castalia

odorata and Nymphaea advetia. Bull. Ton. Bot. Club 29:211-220. ph. 12,

IJ. 1902.

6. , The embr)'ogeny of some Cuban Nymphaeaceae. Bot. Gazette

42:376-392. ph, i6~i8. 1906.

7. Guignard, L., Recherches sur le sac embryonaire des Phanerogames Angio-

spermes. Ann. ScL Nat. Bot. VI- 13:136-199. ph. 3-7. 1882.

8. Hall, J. G., An embryological study of Limnocharh emarginata. Bot.

Gazette 33:214-219. ^/. p. 1902.

9. Hofmeister, W., Neuere Beobachtungen uber Embryobildung der Phan-
r

erogamen. Jahrb. Wiss. Bot. 1:82-188. ph. j-io. 1858.

10. HoLFERTY, G. M., 0\nile and embryo of Potamogeton natans. Bot. Gazette

31:339-346. ph. 2, 3. 1901.

11. Johnsop^, D. S., On the development of Saururus cernuus L. Bull. Ton.

Bot. Club 27:365-372. pL 23. 1900.

12. MuRBECK, Ueber die Embryologie von Ruppia rostellata Koch. Handl.

Svensk. Vetensk. Akad. 36: pp. 21. ph. 3. 1902.

13. SCHAFFNER, J. H., Contribution to the life-history of Sagittaria variabilis.

Bot. Gazette 23:252-273. ph, 20-26, 1897.

14. Smith, W. R., A contribution to the life-history of the Pontederiaceae.

Bot. Gazette 23:324-337. ph. ig, 20. 1898.

15. W\xiE, R. B., a morphological study of Elodea canadensis.' BoT. Gazette

37:1-22. ph. 1-4. 1904.

16. Wiegand, K. M., Notes on the embr)-ology of Potamogeton. Bot. Gazette

25:116, 117. 1898.

17* •> The development of the embryo sac in some monocotyledonous

plants. Box. Gazette 30:25-27. ph. 6, 7. 1900.



nOTAXrCAL GAZiri'TK, XLn PLATE XXIIl

4

J

foKJjn nn i't)xn:i)i:iiL xce. \k

^^



1907] COKER—DEVKLOPMENT OF SEED IN PONTEDERIACEAE 301

EXPLANATION OF PLATE XXIII

gnificat

one-half in reproduction.

Figs, 1-12, Heteranihera limosum

ovule, showing megaspore mother cell.

Moth
Fig. 3. Result of first division of mother cell. X675.

Fig. 4. The two daughter cells dividing again, X675.
Fig. 5. Shows four megaspores; the two upper side I

Fig. 5a. Four megaspores in a row. X675.

Fig. 6. Four-celled embryo sac. X675,

Fig. 7. Eight-celled embryo sac. X660.

Fig, 8. Embryo sac ready for fertilization. X675,

antipodals

sperm. X450.

The
Fig. II. Longitudinal section of seed coats and superficial endosperm.

i

leuron layer; i, inner integument; o^ outer integument; 5, starchy endosperm.

X780.

Fig. 12. Cross-section of same. h
Figs. 13-19. Pontederia cordata

definitive endosperm

X670.

Fig. 14. Embryo sac just after said division. X67o,

tipodals

sperm

Fig. 16. Still later stage of same. X670.

Just before beginning of cell -wall formation

both

X150.

about the same stage as iig,

X670.

r
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BRIEFER ARTICLES
SOME NEW WASHINGTON PLANTS

and

elementary

Sim

adequate study of them has as yet not been made. Unfortunately many of

the better systematists are in the habit of throwing all these interesting forms

together, and of omitting their descriptive study/' A small collection of

Oenotherae recently determined at the Gray Herbarium for W. N. Suks-

DORF well exemplified the justice of this criticism , for although it lacked

one of the two species of Onagra attributed to Washington in Piper^s

recent jQora, it contained no less than three undoubtedly distinct species

of this subgenus; one a very large-flowered plant of obvious relationship to

Oenothera Hookeri T. & G., the second probably referable to O- strigosa

(Rydb.) Mack. & Bush, the third a new species.

V Oenothera (Oxagra) cheradophila Bartlett, sp. nov.—Herba erecta

)lex vel in parte inferiore ramosa- Caulis vinaceo-purpureus

deorsum albo-pilosus sursum subappresse strigosus. Folia caulina pallido-

viridia lanceolata utrinque albo-strigosa; inferiora usque ad 3^"^ lata 16^^

longa, apice acuta, basi in petiolum alatimi brevem decurrentia, leviter

remoteque denticulata, denticuHs apice albis induratis; superiora parviora

integerrima sessilia apice basique acuta. Bracteae foliis supremis similes

sed eis par\dores, maximae a capsulis maturis plerumque superatae infra

mediam 6^^ latae 2.5 ^^ longae. Hypanthium 2.5^^ longiim inferne ca.

^mm crassum superne aliquanto crassius, extus patenter albo-pilosum.

Calycis segmenta pallido-viridia densius subappresse albo-strigosa deltoidea

11-13^^ longa ad basin 4^^ lata, apicibus liberis, calyce nondum expanso,

vix i"^"^ longis acutiusculis, Petala flava saepe rosaceo-tincta 8"^"^ longa

infra apicem 7.5"^"^ lata basi cuneata apice altiuscule retusa. Stamina

corollam paulo superanta, filamentis planis ca. 6,5^"^ longis sursum grada-

tim angustatis, antheris ca. 6.3"^"^ longis brevissime infra mediam affixis.

Styli pars hypanthio exserta 2.5^"^ longa. Stigma 4-partitum viride, ramis

subteretibus carnosis ascendentibus 4™"^ longis plerumque apices filamen-

torum vix attingentibus, raro paululo longioribus sed nunquam apices

antherarum superantibus. Capsula matura prope basin 5-6^^ crassa

3^^^ longa subquadrangula pallido- vel subolivaceo-viridis appresse albo-

strigosa, ad apicem versus gradatim angustata et in rostrum 3^^ longum

desinens; rostri segmenta, capsula dehisceta, recte divergentia. Semina

brunneola prismatica 1.5-2^^ longa.

• Botanical Gazette, vol. 44] [302
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Type, Stiksdor} 5860 m Herb. Gray, low sandy river bank, Bingen, W. Klicki-

tat County, Washington, 20 Aug. 1906. Other specimens which may be placed

here are /. S, Cotton 620^ sandy banks of river, Prosser, Yakima County, Wash-
ington, and ( ?) L. N. Gooding 2^1, river sand-bar, Middle Fork of Powder River,

Johnson County, Wyoming. These were both distributed as Onagra strigosa

Rydb., a clearly distinct species of which there is a cotype in the Gray Herbarium.

The strongest diagnostic features of the two plants are as follows

:

Oenothera strigosa Oenothera cheradophila

Bracts twice or thrice as long as the Bracts almost always considerably

mature capsule, obtuse at base.

Flower bud and hypanthium ochra-

shorter than the mature capsule,

acute at base.

ceo-vinaceous, with sparse spread- Flower bud and hypanthium green-

ing pubescence. ish yellow, pubescence more

dense.

Free tips of calyx segments (in bud) Free tips of calyx segments (in bud)

3
mm long. Petals 1.5-2cm long. less than i^^ long. Petals 8^^

Color light yellow, fugaceous in longor less. Color greenish yellow,

^^ilting.

Stamens shorter than the corolla.

intense, persistent after wilting.

Stamens usually slightly longer than

the corolla.

Stigma a little exceeding the stamens, Stigma usually reaching only to end

lobes flattish, spreading. of filaments, teretish, ascending.

In the case of both species the measurements were made from typical

flowers of type material. At the end of the inflorescence, or on weak

lateral branches, both O. strigosa and O. cheradophila often bear flowers

w^hich are greatly reduced in size and in which the petals are disproportion-

ately small. In such flow^ers of the former species, the stamens are likely

to be longer than the petals.

It is worthy of note that very little of the material which western collect-

ors have distributed as Onagra strigosa Rydb. matches the plant from Pony,'

Montana, which Rydberg designated as the type of his species.

Lewisia pygmaea (Gray) Rob., var. aridorum Bartlctt, var. nov,,

caudice foliisque radicaUbus eis formae typicae similibus; scapis breviori-

bus robustioribus a foliis longe superatis. Bracteae lanceolatae margine

glandulis subatris longistipitatis praeditae. Pedicelli 1-3 quam bracteae

paulo, nunquam duplo, longiores. Sepala usque ad 5"^"^ longa late ovata

vel orbicularia margine denticulata, denticulis in glandulas longistipitatas

atras desinentibus. Petala (ut in forma t}^ica ex loco eodem) alba, anguste

oblonga quam sepala dimidio longiora apice etiam glandulas stipitatas 3-4

y

gerenta. Capsula turbinata atro-brunnea 4.5
mm longa.
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Type, Suksdorf 5725 in Herb. Gray, dry, bare places in meadows, Mt. Paddo

(Adams), Yakima County, Washington.

Unusually well marked as a variety by the extreme development of stipitate

glands on the bracts, sepals, and petals. The variation is perhaps induced

by habitat, for tbe typical form of the species (except for the fact that it

has white petals) occurs at the same altitude on the mountain, growing inter-

mingled with the variety to some extent, but more abundantly ^^in damp

or wet sandy places." It may be that all of the Mt, Paddo material consti-

tutes a species, of which the plant above described is a variety, differhig

from Lewisia nevadensis in its denticulate calyx segments and from L.

pygmaea in its white corolla. Until a more significant difference from L.

pygmaea comes to light, such a treatment is hardly to be justified, for in at

least one species of the genus, L. rediviva, the color of the corolla is known

to vary from deep rose to pure white.—H. H. Baktlett, Gray Herharmm.

SOME PERPLEXITIES OF THE INDEXER

1/ new species,

and forms of American plants

American and foreign

authorship. Some of the perplexing questions which have arisen I wish

to bring before the botanical systematist. It may be urged, as one cor-

respondent has aheady suggested, that ''the scientist writes for the student

and not for the indexer,'' This is true, but is it the whole truth? In

these da)^ of multiplicity of publications it is well-nigh impossible for

each student of systematic botany to review carefully all the literature

which may possibly bear upon his subject or contain a new name in the

group upon which he is working. Not long ago a publication relating to

a state flora and containing more than 600 pages was carefully examined,

with the result that six new combinations were found ; but there was no

indication whatever that these were new. Can each student spare time for

this ? With the aid of such works as the Index Kewensis, the

North American fungi, the CardindeXyttCy the student readily turns to the

original descriptions of the plants in the group which interests him, and from

articles contaming these descriptions he finds references to the important

works relating to his specialty. He is also able to ascertain whether a name
or combination which he proposes to launch as new has been used previously.

The relation of the index to the systematist is that of a catalogue to the

worker in a library. Now the scientist is not the person who will take his

time for index work, and even if he did he would be limited to the few groups

Index
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with which he is familiar, or should he undertake a larger field he would

become, outside his specialty, only an indexer.

Indefiniteness and inaccuracy in publishing new names are the cause

of much trouble to the indexer as well as the student, and result in many
errors. occurs

certain names in a given paper are new and many others cited in the same

way have been published earlier. Even the student, in such cases, would be

unable to discern the new from the old without the aid of indexes. Another

perhaps just as misleading method of citation is to leave the "n.sp.,'^"in

litt.," ''in herb." or "MSS" attached to a name which has been already

published. If the name appeared in the first edition of a work it is not

a n. sp." in the second edition; hence the inaccuracy. In 1894 Caloneis,

a new genus of diatoms, was made. Under this new genus are 74 species,

many of which are transferred fromNavicula. Now, how are these species

under a new genus given? One example, perhaps, will be sufficient:

'^C. obfitsa W. Sm. (1853)/' By reading the synonymy we learn that in

^853 W. Smith (who died in 1857) made the species Navicula ohtusaj but

he never heard of Caloneis obttisa, for the genus was not named until 1894,

37 years after his death. Is not then the citation '' C, ohttisa W. Sm. (1853)

"

misleading and therefore unscientific ? Another form which gives rise to

ambiguity is the unsupplemented use of the parenthetical authority. In many

instances the author will cite the parenthetical author alone, leaving the

author of the combination an unknown quantity. It may be a new com-

bination, and if so the question arises whether a name can be considered

published which is connected with no description and no synonym^but merely

an authority given in parenthesis indicating that somewhere and some time

during the last 150 years the author cited in parenthesis has used the

specific name for this plant under another genus either for a species or

variety. Too many examples might be given for this. In omitting the

authorship of a combination some writers claim that the only one who

should have the credit is the one who originally described the plant. The

truly scientific worker does not think of credit, but he may well consider

that the author of a correct combination is as important for reference to

the future student as the author of the original name. Can it be that

some authors omit their own names from new combinations because of

modesty ? In such a case why should the name be signed to the article

in which they are published ? When the authority of a combination is

omitted there is no clue given to the place of the transfer, and one may

search in vain without the aid of an index to find the date of the transfer

or notes made in connection with it. Not infrequently the indexer must
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hours

synonym

only. If it is so important to give the authority for the original descrip-

tion of a plant, is it not just as important to give the name under which

it was described, and the name of the one who has placed it in' the

correct genus ?

In 1753 Linnaeus established the binomial system of nomenclature and

this was followed until very recently. Now, however, a few of our botanists

have reverted to the use of the trinomial, and not only for their own new

names, but in citing authors of the past. Thus Dr. Torrey, Dr. Gray, and

many others who never used this form are credited with it. Recently one

Sinl

parvulay forma parviflora. Would

parvifl\

to attach his name to a combination so pre-Linnaean ? One great objec-

tion to the trinomial is the indefiniteness of the third part ; some use it as

a subspecies, some as a variety, some as a form, some as a mutation, etc.,

and the reader or student is often left without any clue to what category

it belongs. In a paper recently issued the preface states that the rank

next below the species is a subspecies, thus making the third name of the

trinomials used in this paper rank as subspecies. The author proceeds

to make the third name of all his new trinomials subspecies and then cites

all varietal names made by earlier writers as the third name of a trinomial.

Does he thereby transfer varieties to subspecies and make new combina-

tions which the student of the future and the indexer must consider?

Certainly the names were not used in this form originally.

Just the opposite of the last point is the use of the binomial in the

index to a periodical when the name on the page to which it is referred

is not in accord: for example, Prunella vulgaris scaberrima occurring in

an article is cited in the index to the volume as Prunella scaberrima. Is

the latter, then, a new combination? If so, who is authority for it, for

the name of the one who indexed the volume is never given ?

The errors and inaccuracies of the past must remain. But the present

and future systematic botanists can easily avoid them in their forthcoming

works by (i) indicating clearly each new species, combination, or name,

(2) not allowing a name to appear as new^ when it has been published

previously; (3) always giving the correct authority, or, where the paren-

thesis is used, the correct double authority; (4) stating clearly the category

to which each name, below the specific, belongs; and (5) in no way distort-

ing or altering the rank of names attributed to other authors.

—

Mary A.

Day. Gray Herbarium,

I
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BOOK REVIEWS
Physiology and ecology

We take up Dr. Clements' new book' with favorable anticipations, ready to

welcome a text of moderate size with the broad scope indicated by the title

Plant physiology and ecology. The author tells us that the book is based upon

his earlier Research methods in ecology^ the manner of treatment being the same;

i. e., first to consider the plant as an individual, establishing certain relations

between the physical factors and its functions and form (physiology), and then

to consider it as a member of a larger or smaller group of plants (ecology). "The
proper task of physiology," says the author, "is the study of the external factors

of the environment or habitat in which the plant lives, and of the activities and

structures which these factors call forth The sequence of study is con-

sequently factor^ function, form." So after selecting and describing some promi-

nent factor—water, light; temperature^ etc.—he proceeds to discuss its influence

upon the various functions and organs.

Undoubtedly that method of treatment possesses marked advantages; but

it may be seriously questioned whether our present knowledge is broad enough

and exact enough to permit its successful use. And if it were, to write physiology

in such a manner is peculiarly difficult. It requires thorough familiarity with

the literature, especially that dealing with experimental morphology and irrita-

bility, clear conceptions of physical chemistry, and above all an instinctive avoid-

ance of vague and inexact physiological cant. Certainly Dr. CLEiiENTs' adoption

of this method makes the physiological part of the book strikingly unconventional;

the ecological part is less abnormal because ecolog)^ has proceeded from the first

largely along such lines. And of the ecological part we have little to say, since

it is essentially like that of the earlier book (reviewed in this journal, 40:381.

Pedagogically the book leaves much to be desired. In the earlier sections

the author wavers between textbook and manual; for beside the "experiments"

in distinctive type (some of which are not experiments at all), the body of the

text is partly subject-matter and partly directions to the instructor as to the

management of his class, or to the student' as to the materials and methods of

his work.

In the very first chapter, on stimulus and response, the student is plunged

I Clements, F. E., Plant physiolog>^ and ecology. 8vo. pp. xv-fjij. figs. I2j,

New York: Henry Holt & Co. 1907
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can

which he receives no adequate explanation. Thus, the tonic and stimulating

action of external factors is discussed in a dozen lines on page 2 and nowhere j

else referred to. Distinctions the finest 'are drawn bet\\^een normal and abnor-
I

mal adjustment, adjustment and adaptation, growth arid modification, that

puzzle the re\'iewer; and it is hardly probable they would be more intelligible

to the sophomore, for whom the book is intended.

Logically the arrangement of topics is sometimes peculiar. How is the

student to comprehend the treatment of translocation and storage of food as an

adjustment to light; and particularly in what sense can digestion, respiration,

fermentation, the nutrition of non-green plants, growth, reproduction, pollen and

pollination (treated at length), flowering, and fructification be looked upon as

adjustments to temperature ?

Dr. Clements is known as the proposer of many. technical terms, of which

few, fortunately, reappear in this book. But, what is even more confusing, he

makes free to change the meaning of long-used terms. We had a pretty definite

idea of what stimulus and response mean, but it does not fit when absorption,

diffusion, transport, and transpiration are called responses to water stimuli.

Imbibition is defined so as to include the entry of water into porous bodies,

Cutinization is said not to coexist with epidermal hairs and is practically limited

to xerophytes. The well-known actinometer masquerades as a photometer;

heliotropic is distinguished from phototropic; chemosynthesis would never be

recognized by the man who introduced the term; rootstalk, a word unknown

to dictionaries, replaces the Anglo-Saxon rootstock, Aphototropic must surely

be a typographic error, but nyct<9tropic is doubtless an emendation. Reaction

time and perception time have new and confusing definitions; but presentation

time does not appear at all.

One serious danger inheres in Dr. Clements' method; there is a tendency

to ascribe changes of function and form which have a very complex causation to

a particular factor. One has only to examine the table of contents to find illus-

trations of this and the pages abound in examples. The offhand way in which

some of the most elusive problems are settled by referring them to simple causes

is appalling. The cause of cell division, the nature of polarity, the relation of

turgor to growth, the mechanics of stomata are a few cases which the judge as

it were dismisses with costs I

Many a pitfall, too, awaits the thoughtless in ''explanations" which are

merely a form of words that only cloak our ignorance. Absorption is " an-inherent

property of protoplasm;" "the need for the water of absorption increases toward

the fibrovascular bundles," and ''in similar fashion the demand for food materials

increases toward the outer layers," so that ''the general direction [of movement]

is determined by these two facts'' (sic?); the ''stability of a species" prevents

its modification in a new habitat—these are a few examples of meaningless phrases.

For the adopted mode of presentation an acquaintance with recent work is
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a sine qua non. Yet some statements liave a cui^ously antique flavor. Prikgs-

heim's old screen theory of chlorophyll appears on one page and on the opposite

one the modern theory is stated^ but no decision as to their merits is reported.

amount and

as C6H10O5. The work of two decades on solutions and osmosis is overlooked,

for its bearing on the entrance of water, salts, and gases and on the movement of

water and foods scarcely appears. The great advances in the last five years in

the knowledge of perception, perceptive regions, and the interrelations of reac-

tions find no reflection in this book, though they belong to its very essence.

Dr, CLEiiENTs set himself a very difficult task; perhaps an impossible one,

if we do not mistake the trend of recent study. That must be allowed for. Our
main criticism, however, is not upon the choice of material for a brief treatise;

it is against the attitude of mind that can tolerate vague explanations and invalid

reasoning, and against a treatment of fundamental topics which is ineffective

and not in accord with present knowledge.—C. R. B.

Jest's Plant physiology

When we reviewed this book in its ori^nal German,^ we expressed the opinion

that it was ''easily the best work on plant physiology in any language, for the

general student." Further use of it has confirmed this opinion, though it has

at the same time uncovered some weaknesses that did not appear on the surface.

It still remains as adequate a presentation of the fundamental features of plant

activity as is likely to be made by any one author. Though it lacks the suggest-

iveness and comprehensiveness of Ppefeer, and can by no means replace that

indispensable work, its clear and picturesque style adapts it better to the advanced

student and teacher. Our hope that it would be translated into English has just

been fulfilled. The Clarendon Press secured the right of translation and Professor

Harvey Gibson, of the University of Liverpool, is responsible for the work.-'

There has been no editing of the author by the translator. Even the index

is a translation. Dr. Josx himself has added some notes and embodied some cor-

rections; but these are relatively few and brief, and might well have been a more

marked feature of the English edition.

A literal translation was the aim, says the preface, but that certainly has not

been attained. It is not difficult to find passages where wholly gratuitous changes

have been made, qualifiers added or omitted, or variant expressions used, that

leave the phrase far from a literal translation. For example: "hochstens ganz

gelegentlich musste erwahnt werden . ..." is rendered "we drew special atten-

tion to the fact . . .
." when the fact was only incidentally mentioned; and

"wachstumsfordernde Wirkung" appears as '^stimulating effects," with growth

^ Box. Gazette 37:390. 1904.

3J0ST, LUDWIG, Lectures on plant physiology. Authorized Enghsh translation

by R, J. Harvey Gibson. Imp. 8vo. pp. xiv+ 564. fig^^ U^- Oxford: Clarendon

Press. 1907. Cloth 21 sh.^ morocco 24 sh.
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not alluded to in the context. "Quite, or almost quite, impermeable" for "sehr

schwer oder gar nicht permeabel" surely must be a typographic slip for "almost

or quite impermeable." When JosT wrote "der im Wasser gelosten Molekule

und lonen," why should it be translated, *'of the molecules dissolved in water and

of the ions," as though the ions were not dissolved in water ? There are other

slips of more serious nature. Thus, in describing the cohesion movements of the

annulus of ferns and the anthers of seed-plants, to render "FuUwasser" by "imbi-

bition water" makes the description inconsistent and unintelligible, for it is the

water contained in the cell ca\'ity, not the imbibed water of the walls, whose ten-

sion comes into play.

If these defects appear in a cursory examination one may suspect that a thorough

comparison would reveal many others. Yet the total impression, without such a

searchj is quite the reverse, and it may be fairly said that on the whole the trans-

lation, though rather wordy, is good. The English may not be irreproachable,

but it happily does not fall into the German idiom.

We note Jost's lame excuse for retaining assimilation instead of adopting

photosynthesis, pleading bad examples and the lack of a correlative term to apply

to "nitrogen assimilation." A little boldness, pardonable in a leader, would have

set aside the examples of Ppeffer and Wiesxer, and a little ingenuity would

have de\ised a new term, if amide synthesis and proteid synthesis were not accept-

able. A bit more boldness in the translator would have at least harmonized the

typography of citations with the better style of the original, and not over-

much would have modernized it completely. Now it halts between the traditional

and the modern, losing much of the modest advance the author had made.

In makeup the book follows the general style of the Clarendon Press classics.

The thicker but lighter paper, the solid type and slightly larger page, make a

bulkier book, actually larger by some 60,000 words, fall w^ithin the compass of

554 pages of text.as against 682 in the original. The rough-surfaced paper makes

impossible the proper printing of the delicate cuts of the German edition, the half-

tones especially being mere smudges. The figures should have been remade

for such paper. Yet we can almost forgive the blotchy cuts for the sake of the

dull surface and the agreeable lightness of the book. But the price, as usual,

goes away up—21 to 24 shillings as against about 15 marks—and imported copies

at $7.75 will be ajmost too dear for general students. Yet it is well to have it

available in English even at the exorbitant price.—C. R. B.

The morphology of plants

Jos. Velenovsky^ has added to the lengthening list of general textbooks

Every such work represents some characteristic pointrphology

the older morphology tinctured

4 VELENOVSKf
, Jos., Verglcichende Morphologic der Pflanzen. Vols. I and II

PP- 73^* P^' 5- figs- 455- Prag: Fr. Rivnac. 1905 and 1907.
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by a modicum of the new. In fact, the author seems to regard modem morpholo-

gists as perhaps too narrow in their vision to possess the proper perspective for a

general text. As a result, the two volumes now published are distinctly not up
to date from the standpoint of modern morphology.

The first volume (pp. 277), issued in 1905, is introduced by general discus-

sions of questions that are not current in modern laboratories, however interesting

they may have been during the domination of the Goethean morphology. The
main part of the volume consists of '*Die Morphologie der Kryptogamen," The
illustrations are well selected and many of them are original. The ground has

evidently been well traversed in the laboratory but not in recent literature, for the

text gives a distinct impression of long isolation. Why do so many botanists

fail to see the incongruity of such a series of names for coordinate groups as

"A. Thallophyten," **B. Charophyta," "C. Moose," **D. Gefasskryptogamen" ?

The second volume (pp. 454), issued in 1907, presents "Die Morphologie der

Phanerogamen," in so far as the vegetative organs are concerned. The main

divisions are "Die Keimpflanze," "Die Wurzel," "Das Blatt," "Die Achse,"

and "Die Trichome." The general attitude is indicated by the subdivisions

under "Seedlings," which are as follows: seedlings of polycotyls, of monocotyls,

of stemless plants, of acotylous plants.

The third volume is to contain the morphology of the "phanerogam flower"

and a system of classification, besides a general index.

The work will undoubtedly prove a most interesting one for reference, especially

for the younger generation of morphologists.—J, M. C.

MINOR NOTICES

North American Flora.—The first part of volume xxv has just appeared,

being the fifth part published. It contains four of the sixteen fagiilies of Ger-

aniales, the order with a synopsis of its families being presented by J.
K. SiiALL.

The Geraniaceae, by L. T. Hanks and J. K. Small, contain four genera, a new

genus Rohertiella being founded on Geranhim Rohertianum. The species of Ger-

anium number sixty-four, of which twenty-three are new, and Erodium and

Pelargonium each contain six species. The Oxalidaccae, by J. K. Small, con-

tain ten genera, Hesperoxalis, Otoxahs, and Bolboxalis being new and monotypic.

The other genera are Oxalis (3 spp., i new), lonoxalis (65 spp., 28 new), Monox-

alis (2 spp., I new), Lotoxalis (n spp., i new), Xanthoxalis (26 spp., i new),

Biophytum (i sp.), and Averrhoa (2 spp.). The Er}'throxyIaceae, by N. L.

Brixton, represented by the single genus Er}'throxylon, contains twenty-eight

species, one of which is new. The Linaceae, by J. K. Small, contain four genera,

Hesperolinon being a new genus established on Linum § Hesperolinan Gray.

The genera are Linum (5 spp.), Cathartolinum (48 spp., 10 new and all but one

of the remainder transferred from Linum by Small), Hesperolinon (9 spp.),

and Reinwardtia (i sp.).—^J.
]\L C.



312 BOTANICAL GAZETTE [october

pedagogy.—Though the notice is belated, a pamphlet by

:he

considers adapted to the eighth or ninth school year, deserves mention. The

germination

and

givin

There are appendices (i)

school crarden: (2) on bio-

logical collections of plants; and (3) on simple methods (mostly de\ised by the

author) for recognizing various plant stuffs.—C. R. B.

Diatoms of the Pacific.—Mann^ has published the results of his investigation

of the diatoms collected by the Albatross of the U. S. Bureau of Fisheries, during

its fishery and deep-sea investigations in the Pacific in the years 1888-1904. The
F

contribution contains a synoptical catalogue of the species, the data of the stations

at which the diatoms were collected, and a very useful bibliography. The 51

gnized The

large genera are Navicula (54), Coscinodiscus (34), and Biddulphia (30).—J. M. C.

Portraits of botanists.—The third and fourth parts of Dorpler's series of

portraits of botanists have been issued. A description of the general character of

the series was given in this journal (42:496. 1906) upon the appearance of the

first two parts. The third part contains the portraits of Rudbeck, Linne (4),

Haller (2), Scopou, Jacquin, and Allioni; the fourth part, Wxjefen, Ingen-

Housz, Hedwig, Gaertner, Kolreuter, Schreber, Pallas, Ehrhart,

Thunberg, and Lamarck.—J. M. C,

Engler's Syllabus.—That the development of our knowledge of the relation-

ships of plants is very rapid is evidenced by the appearance of the fifth edition

of Engler's SyllabusJ The most recent information about Cycadofilices was

even so recent that it was inserted by means of a paster. It is a great boon to

botanists that this publication keeps so well abreast of current knowledge, for it

is a volume of daily consultation in every working laboratory.—^J.
M. C.

Flora of the Canadian Rockies,—^Miss Farr

;ported by other botanists

has presented a list of 763 species of vascular plants, 38 of which are pteridophytes

and 15 g}Tnnosperms.—^J-
M, C.

5 ScHLEicHERT, F., Bietragc zur Methodik des botanischen Unterrichts (Samm-

lung Naturwissenschaftlich-padagogischer Abhandlungen, Band 2, Heft 3). Imp.

8vo. pp. iv-i-48. Leipzig and BerUn: B. G. Teubner. 1905. M r.

6 Mann, Albert, Report on the diatoms of the Albatross voyages in the Pacific

Ocean, 188S-1904. Contrib. U. S. Nat. Herb. 10:221-419. pis, 44-54- 1907-

7ENGLER, Abolf, Syllabus der PflanzenfamiHen. pp. xxviii+248. Berlin:

Gebriider Bomtraeger. 1907. M 4.40.

s Farr, Edith M,, Contributions to a catalogue of the flora of the Canadian

Rocky Mountains and the Selkirk Range. Contrib. Bot. Lab, Univ. Penn, 3-I-S8,

1907.
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NOTES FOR STUDENTS
^

Vegetation of the high Andes.

—

Weberbatjer draws this picture of the ancline

vegetation :^^ In the high Andes of central Peru most plants are not structurally

xerophilous, and dessication by the high altitude is much restricted by the abund-

ant precipitation and the prevalence of clouds. Were the danger of drying so

greatj one would expect that the moistest locations would bear the most species

and the most vigorous forms, and that on the moist ground the vegetation would

ascend higher than elsewhere. But the vegetation of the high Andes presents

no such picture; the high-andine moor contains fewer species than the meadows
of cushion and rosette plants, and none of those stouter forms which in their aspect

recall the lower regions—the shrubs, tufted grasses, and tall-stemmed herbs;

these grow by preference rather on the dry slopes, the stony ground, and the

rocks; and upon a stony substratum the limits of vegetation run higher than upon

well-watered ground. The explanation of these phenomena is to be sought, in

my opinion, in the temperature of the ground. By the low temperature of the soil

* many plants are kept away from the moors, while the simultaneous high tempera-

ture of the rocks is favorable for vegetation. That temperature of the soil at these

elevations plays an important r61e is indicated by the horizontal position of

roots, referred to in an earlier paper, ^^ and by the very aspect of the vegetation.

—

C. R, B,

Transmission of tropistic stimulation.—Fitting^'' has undertaken to ascertain

in what manner the tissues of perception and reaction are connected that the

stimulus indirectly determines the direction of the curvature. The work consists

mainly of a study of phototropic response (coleoptile of the grasses, chiefly Avena)

as affected by more or less complete disconnection of the tissue between the apex

and base. Wounding by transverse incision or by splitting does result in a feeble

traumatic response, but neither the growth nor the capacity for perception and

response is significantly affected. It may be said that the reliability of the author's

conclusions hinges largely upon the truth of this statement, but the reviewer finds

no reason for doubt and the w^ork of Roxhert is in accordance with it. The

author shows that whatever course transmission is compelled to follow, the curva-

ture is entirely independent of the unilateral occupation of the perceptive organ

by the stimulus. Individual segments of halved or quartered' coleoptiles will

nf thp ar>ex. Even in leaves fromrespond if the segment includes a small portion

portion a large square of tissue has been removed, transmission

occurs. The stimulation

organ. The author rega transmission

sa Weberbatjer, A., Weitere Mitteilungen iiber Vegetation und Klima der

Hochanden Perus. Engler's Hot. Jahrb. 39:449-461. pis, 4, 5. 1907.

sb Op. ciL 37:60 ff. 1905.

Sc Fitting, Hans, Die Leitung tropistischer Reize in parallelotropen Pflanzen-

teilen. Jarhb. Wiss. Bot. 44:197-253. fig, 26. 1907.
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proceeds through the living substance. The paper maintains the high standard

we have come to expect from this author.

—

Raymond H. Pond.

Ants and plants.

—

Ule has already smitten hard the theory of myrmecoph-

ily, according to which the complicated cavities and other structures have arisen

by natural selection through the protection afforded by the sjTnbiotic ants against

injury by other ants and browsing animals. Now he concludes^ that it must be

given up almost entirely, because his more extended observations in the Amazon

region, where such plants most do congregate, cannot be reconciled with the

theory.

The ant plants grow most abundantly in flooded regions, where no leaf-cutting

ants are found; the devastation by leaf-cutters is not so extensive as it has been

reckoned by von Ihering; the weapons of the protective ants are not efficient,

especially against thick-skinned animals, and are not capable of such wounds as

those of many other ants; and the protection afforded, while possibly advantageous

in the struggle for existence, is not sufficient to call forth the elaborate cavities and

other "adaptive" structures. In explanation of the symbiosis, Ule would rather

lay stress upon the initiative of the ants, which chose aptly the plants that suited

their needs, and perhaps have modified them by the intimate and constant symbiosiS|

in much the same way as man has improved the wild ancestors of his useful plants.

But the cavities must have originated through deeper-lying causes.

Amazon
mimi

nosae and Moraceae each 7. erures

bif:

sacs and incidentally as dwellings for Azteca Traili.

A still more vigorous objection is made by von Ihering, ^° who has studied

the relations between Cecropia adenopus Mart, and its inhabitant, Azteca Muelleri

Emer}% in a much more thorough fashion than was done by Fritz Mueller and

ScHiiiPER. He has given special attention to the life-history of the ants and

the metamorphosis of their nests. The ''MuUerian bodies," which grow on the

leaf bases, are not used to feed the larvae but as food by the ants themselves,

though they are by no means restricted thereto. The small tumors, produced from

.Tna

gnawmg the prostoma open, contain sugary and fatty substances and serve as

food. Von Ihering rejects absolutely the elaborate conceptions of ''mutualism"

and "myrmecophily, " and declares in so many words that Cecropia adenopus can

get along quite as well without ants as a dog can without fleas. He considers the

ants mere parasites, completely adapted to this plant, without which they cannot

prosper at all; but all the plant "adaptations" are like those that hosts everj'-

where show to parasites.—C. R, B.

9 Ule, E., Ameisenpflanzen. Engler's Bot. Jahrb. 37:335-352.^^^.5, 6. 1906.

10 Ihering, H. von, Die Cecropien und ihre Schutzameisen. Engler's Bot.

Jahrb. 39:666-714. fig, /. pis. 6~io. 1907.

I
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Regeneration and polarity.—In a paper which has escaped our attention

until now (on account of the removal of Dr. McCallum to Arizona), Vochting"
takes up again these problems, stimulated by Klebs's report^' of the surprising

ease with which he was able to reverse the polarity of certain willows—the unat-

tained goal of many a previous experimenter. Much of this paper is devoted to

a reexamination of Klebs's work, which Vochting is unable to confirm and
against whose conclusions he enters vigorous protest. He finds no evidence that

polarity has ever been reversed by any experimental condition; he still holds that

it is a special property of the body, founded in the very structure of the egg, and
that it is not induced (as Pfeffer thinks) by any external agent. This conclusion

seems to be inevitable, when one observes the extremely different jx)sitions and

conditions under which eggs develop into embryos. In regeneration the various

natural or experimental conditions produce each an appropriate effect, according

as they cooperate with or oppose or do not affect polarity. In a supplementary

note, Vochting expresses his complete agreement with the conclusions reached

by McCallum. '3

Miss KuppER also attacks the problems of regeneration/** and after reporting

pol

disposition

power

eration is dependent upon an adequate supply of food.

Not satisfied because various theories of regeneration fail to account for the

formation of one or another kind of organ ''when each of the conditions previously

ssigned as the causes of regeneration has been fulfilled/' she proposes a modifi-

cation of the Stojj und Form theory, postulating the existence of localized root-

forming and shoot-forming enzymes. To this the same objections apply as to

the older form of this theory; but the author has vague hopes that it may be cap-

able of experimental test, though "no results ready for publication have as yet

been obtained/' One neglected assumption (also made by Goebel) needs

quite as thorough investigation as any, namely, that food will accumulate at any

point before growth begins.—C. R. B.

Ultramicroscopic structure.

—

Gaidukov continues his studies with the ultra-

microscope, describing in a late paper^^ the appearances in starch grains, cell walls,

and protoplasm.

After an introduction upon the principles involved in the various forms of the

" Vochting, H., Ueber Regeneration und Polaritat bci hohem Pflanzen. Bot.

Zeit, 641:101-148. pis, ^-y. 1906.

12 Klebs, G. Willkurliche Entwicklungsanderungen bei Pflanzen 96 ff. Jena. 1903.

W B., Regeneration in plants. Box. Gazette 40:97 241. 19^5-

»4 KUPFER, Elsie, Studies in plant regeneration. Mem. Torr. Bot. Club 12:195-

241. figs. 13. 1907.

li Gaidukov, N., Ultramikroskopische Untersuchungen der Starkekomer, Zcll-

membranen, und Protoplasten, Ber. Deutsch. Bot. Gesells.
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instrument, he reports that he could see in the starch grains concentric or excen-

tric rows of particles, for which he uses Nagelt's term micellae. These are sepa-

rated by spaces which are optically empty or possibly contain amicroscopic matter.

On swelling, the micellae separate more and more and lose their regular arrange-

ment. Cell membranes show an essentially similar structure, cellulose walls

showing very small pale particles, woody and corky walls, on the contrary, having

brilliant and large micellae.

Living cytoplasm is a hydrosol complex. The micellae show active Brownian

movements, oscillation, wiggling, collision, recession, etc.,* even when actively

streaming. The better nourished the cytoplasm is, the more numerous and

closer are the micellae and the less the amplitude of the movements; and vice

versa. By a thin hydrogel layer, a coagulum formed by the electrolytes present

in the water of the cell wall and vacuole, this hydrosol is protected against further

injury by coagulation or against excessive solution by water. The healing of this

hydrogel layer or ectoplast after taking in or extruding solid particles (as in

Amoeba) is explained as due to coagulation of the micellae of the hydrosol at the

spot exposed by the break to the action of electrolytes. At the death of the

protoplast there arises a hydrogel complex. The nucleus consists of a hydrosol

complex poor in water. The chromatophores resemble rather the hydrogel com-

plex. Microsomes consist of several micellae and are comparable to the

Micellarverbdnden of Nageli.

So far as these preliminary accounts show, GATDtTKOV is not merely reporting

what he sees, but is making many assumptions as to their interpretation.—C. R. B.

Germination ot fern and moss spores.

—

Laage^^ has made a somewhat

extended study of the germination of fern and moss spores in darkness. By
using both organic and inorganic solutions as culture media he was able to germi-

nate Osmunda regalis and thirteen out of sixteen species of Polypodiaceae in

darkness. Germination and starch formation were obtained in Osmunda
grown in distilled water without the influence of light. Fe^Cla and FeS04

germination Of all the

Polypodiaceae, sown in darkness, Pteris aquilina and Scolopendrium ojjicinariun

germinated best, and Asplenium lucidtdum and Polypodium aureum not at all.

Contrary to the results of Heald, higher temperatures were found to be detri-

mental to germination in the absence of light. No chlorophyll was produced in

darkness, although reported by Schilling. The osmotic effect of the solutions

on germinating spores was marked. Abnormal forms of rhizoids developed in

distilled water cultures, and in 4 per cent. Knop's solution they were sup-

pressed, while the young prothallia were deformed. A number of instructive

tables showing the effect of solutions of different strengths on germination and

number of cells produced in darkness are given. Of the mosses, Funaria and

Bryum were germinated in darkness by usine verv attenuated solutions of inors;anic

F

'•^Laage, a, Bedingungen der Keimung von Farn- und Moossporen. Beih.

Bot. Centralbl. 21:77-115. 1907,
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salts as culture media. germinat

darkness in the solutions of inorganic salts nor by the addition of organic iron

salts to the fluids. Moss spores have been germinated in darkness under chemical

spores

TRfBoux. Laage is the first to report

W. T. G. Land.

Artificial apospory in ferns.

—

Goebel'" has published the result of his

studies on apospory in ferns and on regeneration in Vicia and Phaseolus. The
main part of his paper is devoted to apospory and a very brief account is given of

regeneration in Vicia.

Contrary to Bower's statement that attempts to induce apospor}', though

successful in certain mosses, have been entirely without results in ferns, Goebel
succeeded in inducing artificially aposporous prothallia from primary leaves of

sporophytes in many forms among ferns, such as Aneimia Drageana, Ahophila

van Geertiij Ceralopteris Ihaliclroides, Gymnogramme chrysophylla, Polypodium

aureum^ Pleris longiJoUa, and others. On certain parts of the under surface, of

margin or of petiole of the primary leaf, there are produced prothallia, sporophytes,

or even structures which really seem to be intermediate between sporophyte and

prothallium by their having stomata and antheridia.

Goebel drew three conclusions from his studies: (i) regeneration is more

active in a young leaf than an older one; (2) the sporophjnic structure is not the

constant product of regeneration; (3) there seems to exist no great difference

between the nuclei of prothallia and those of sporophjies, and accordingly no

sharp distinction between the x and 2X generations. He adds, one might regard

the prothallium, phylogenetically, as a rudimentary leaf bearing sexual organs,

though to determine this question further investigation is necessary.

Among the three conclusions drawn by Goebel, the third is a great problem.

He does not enter in his paper into nuclear detail at all; therefore, cytologically

it is still an open question,

—

Shig£o Yam-A-XOUCHI.

Items of taxonomic interest.—W, H. Blanchard (Torreya 7:97-102. 1907),

in discussing the eastern species of Amelanchier, describes 2 new species.—N. L.

Britton' (idem 102) has described a new Mexican species of Ribes.—H. D.

House (idem 133-136), in a second paper on southern violets, has described a

new species and a new hybrid.—W. H. Blanch^ard (idem 139, 140) has described

a new Rubus (red raspberry) from Vermont.—E. Brainerd (Rhodora 9:93-98.

1907) has begun a presentation of the older t}'pes of North American violets.—

L. M. Underwood (BulL Torr. Bot. Club 34:243-262. 1907), in continuation

of his studies on "American ferns," has published a preliminar)^ review of the N.

Am. Gleicheniaceae, all the species being referred to Dicranopteris, in which 18

species are recognized, 5 being described as new, and all the rest being transferred.

C. L. Shear (Bull. Torr. Bot, Club 34:305-317- 1907) has described 21 new

L, K., Experimentell-morphologische Mitteilungen; i. KunstHch hcr-

vorgerufene Aposporie bei Famen. 2. Uebcr die Bedingungcn der Wurzelregcnera-

tion bei einigen Pflanzen. Sitz. Kon. Bayer. Akad. Wiss. 37:ii9"i3^- fii^- ^3- ^^9^7-
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fungi

nberry. Three new genera are described: Plagiorhabdus

(2 spp.), Bolhrodiscusy and Acanthorhynchus.—O. Stapf (Jour. Linn. Soc.

Bot. 38:6-17. 1907) has

thaceae, to include species

(H.

to Ptyssiglottis; 19 species are recognized, 11 of which are new.—R. Lauter-

BORN

{Thioploca) of sulfur bacteria, belonging to the Beggiatoaceae.—J. M. C.

The male gametophyte of the podocarps.^

—

Jeffrey and Chrysler^^ have

been able to examine the male gametophyte of certain species of Podocarpus and

Dacrydium, as well as of Agathis, obtained from New Zealand and Java, so far

as material preserved in alcohol or formalin would permit. The conspicuous fea-

ture is the development of a prothallial tissue, by diA-ision of the two original pro-

tballial cells, consisting in some cases of as many as eight cells. The walls of this

tissue break down and the nuclei are freed, even from their cytoplasm, and swarm

into the pollen tube. The authors do not regard this as a primitive feature, but

consider the "ground plan" of this development as indicating the derivation of

the podocarps and araucarians from an ancestral stock allied to the Abietineae,

This feature also indicates that the podocarps and araucarians may be more

nearly allied than has been supposed.—J. M. C.

Infection experim.ents with mildew.

—

Reed^^ has been investigating the

question of "physiological species" among the mildews. Recent work on mil-

dews has indicated that each genus, and often each species of host plant, has its

own particular specialized form. Infection experiments were conducted with

twenty-three different varieties of commonly cultivated cucurbits, representing

five species and three genera (Cucurbita, Cucurais, and Lagenaria). Each of these

hosts was readily infected when inoculated with the conidia taken from any other.

There was no difference in the infecting power of the mildew on the different species

and genera, and there is no evidence of any specialization in the mildew of the

Cucurbitaceae.—^J.
M, C.

A lycopod with a seedlike structure.—^liss Benson^^ has investigated the

reproductive structures of Bertrand's Miadesmia memhranaceay a herbaceous
1

paleozoic lycopod. The megasporangium develops a single thin-walled spore,

"which in development and structure resembles an embr}'o sac and germinates

in sitiiV The sporangium is surrounded by an integument with a small micropyle,

which is surrounded by numerous long processes of the integument that "formed

18 Jepprey, E. C, and Chrysler, M. A., The microgametophyte of the Podo-

carpineae. Amer. Nat. 41:355-364. figs. 5. 1907.

19 Reed, George M., Infection experiments with the mildew on cucurbits, Ery-

siphe cichoracearum DC. Trans. Wis. Acad. Sci. 15:527-547. 1907.

^° BensoNj M., Miadesmia memhranacea Bertrand; a new paleozoic lycopod

with a seed-like structure. London. Tune
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a collecting and incubating apparatus for the microspores." The ''carpellarj

leaf" was shed at maturity and resembles a winged seed.—J. M. C.

The flowering plants of the Mesozoic.—In a recent address Scott^^ has

brought together the recent discoveries among the Cycadophytes, especially those

of WiELAND among the Bennettitales, and has seen in the structure of their strobili

strong suggestions of angiospermous flowers. Such a connection would su<};gest

the possibility that the angiosperms may have been derived from the Filicineae

by a *'short cut;" that the evolution of the angiospermous flower was a process of

reduction; and that the presumption that the simplest ai

are the most primitive is no longer tenable.—J. ^M. C.

The Taxoideae.—Miss Robertson^^ has brought together the results of the

recent researches among the Taxineae, with the view of reaching some conclusion

as to the vexed question of phylogeny. She reaches the conclusion that the group

has retained many relatively primitive characters, but has become considerably

specialized; that it may be regarded as an oflfshoot from the Cordaitales, which

in turn are derived from the Cycadoiilices. The author also suggests that the

*^ female flower" of Taxus "more closely recalls that of Cordaites than that of

any other known plant."—J. M. C,

Embryology of Rhizophora.—CooK^^ has succeeded in securing some material

for the study of the emhiyology of R, Mangle. Only one of the four ovules reaches

the seed stage; the hypodermal archesporium cuts off two tapetal cells; the linear

tetrad is probably formed; endosperm formation is abundant; the embryogeny

is probably of the Capsella-type ; during the first growth of the cotyledons about

»erra

the sac and lie in the ovary cavity.—-J.
M. C.

Endemic species and mutation.—WiLLis/4 in foflowing up the suggestions

of his work upon the flora of Mt. Ritigala/^ has constructed an argument against

the origin of species by natural selection and in favor of origin by mutation. He

maintains that the evidence of the endemic species on Mt. Ritigala, of Ceylon in

general, of Mauritius, and of New Zealand completely proves his position.

J. M. C.

21 Scott, D. H., The follo^-ing plants of the Mesozoic age, in the light of recent

discoveries 6-9

"Robertson, Agnes, The Taxoideae: A phylogenetic study. New Phytol.

6:92-102. pi. I. 1907.

a3 CooK, Melville Thurston, The embryolog}^ of Rhhophora Mangk. Bull.

Torr. Bot. Club 34:271-277. pis. 22, 23. 1907.

34 Willis, J. C, Some e\'idence against the theory of the origin of species by

natural selection of infinitesimal variations, and in favor of origin by mutation. Annals

Roy. Bot. Gard. Peradeniya 4:1-15. 1907-

»5 BoT. Gazette 43:353. 1907.



NEWS
HoiTER D. House has resigned the associate professorship of botany and

bacteriology in Clemson College, S. C.

TnoiiAs D. Eason, a graduate of the Clemson Agricultural College, has

accepted a position as assistant in botany at the North Carolina Agricultural

College.

Karl Giesenhagen,

,
has been appointed

Munich.

address of Professor Fraxcis E. Lloyd
InvestigatioUj Continental-Mexican Division, Inter-continental Rubber Company,

Mexico

TERBURY at the instigation of Professor L
Cockayx

mountains, where the mountain flora of New Zealand can be studied under natural

conditions. The site selected includes a virgin forest, about 300 acres in extent,

of Nolliofagus diffortioides.

The MacMillan Company announce for publication in the autumn a prac-

tical textbook of plant pathology, by D.T. MacDougal, F, S. Earle, and H. M.

Richards; Notes of a botanist on the Amazon and Andes, by Richard Spruce,

edited by Alfred Russell Wallace; The physiology of plant production, by

B. M. Duggar; Bacteria in relation 'to agriculture, by J. G. Lipman; and a new

edition of Mlir and Ritchie's Manual of bacteriology.

The government of New Zealand has planned a magnetic, botanical, zoo-

logical, and geological survey of the Auckland and Campbell Islands, the expedi-

tion sailing early in November. The botanists will be as follows: L. Cockl^yne,

ecologist; T. F. Cheeseman, floristic botanist; R. M. LaniG, algologist, and

A. H. Cockayne, plant pathologist. The survey was first proposed and the

details arranged by the Philosophical Institute of Canterbury, a branch of the

New Zealand Institute.

1 The next meeting of the American Association for the Advancement of
^ -

Science will be held during Convocation Week, at the University of Chicago.

The sessions of Section G will be held in the Hull Botanical Laboratory. Inas-

much as the Secretary of the Section is at too great a distance for quick mail ser\ice,

it is particularly requested that titles of papers to be read be sent directly to Dr.

Henry C. Cowles, University of Chicago, Chicago, so that the Secretary, upon

his arrival, may have all business promptly in hand.—F. E. Lloyd, Secretary

Section G.
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Nervous Disorders

The nerv^es need a constant eupplj
of phosphates to keep them steady
and strong. A deficiency of the phos-

phates causes a lowering of nervous

tone, indicated by exhaustion, rest-

lessness, headache or insomnia-
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"When Frost is on the Pumpbia
arid fodder's in the shock," there comes a feeling of

satisEactioa to daily users of

Mennen's Borated Talcum Toilet Powder
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New School Projection Lantern

use with

Designed especially to meet the demand for a lower priced

instrument than our Lantern D. Built on the same general plan,
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THE FOREST FORMATIONS OF BOULDER COUNTY,
COLORADO

Robert T. Young

:
(with twelve riGURES)

The present paper purposes to describe the forest formations

of the eastern slope of the Rocky Mountains in Boulder County,

Colorado. There has been a larg^e amount of work done on the flora

of Colorado from the systematic and distributional standpoint, the

results of which are contained in Rydbei^g's Flora oj Colorado

(Bull, loo, Colorado Agricultural College Experiment Station, 1906)*

In the publications of the Forestry Bureau, U. S. Department of

Agriculture, and the U. S. Geological Survey, there are a few papers

treating of the economy (and incidentally the ecology) of the forests

of the state; while a popular paper by Ramaley (''Remarks on the

distribution of plants in Colorado east of the divide") appeared in

Postelsia for 1901, in which is given a considerable mass of data on

the distribution and ecology of the plants of this region; but as yet

there has been done no work of an exact character in the determination

of the physical conditions under which the forests exist. For this

reason I hope that the following discussion will prove of value*

The discussion will cover the following points: introduction,

being a brief account of methods employed and a short description

of the physical features of the region studied; composition of the

forests with reference to the controlling and most common secondary

species, and the relationship between them; physical character of

the habitat with reference to water content of the soil, temperature

of air and soil, humidity, light, pressure (altitude), slope, and expo-
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sure; past and present extent of the forests and their present move-

ment, including deforestation and reforestation. The time spent

in the investigations upon which this paper is based includes the

summers of the years 1902 to 1905 inclusive. ^

Introduction

The methods which I have employed are given in detail in a recent

work, Research methods in ecology^ by Dr. F. E. Clements, and

are therefore treated here verj^ briefly. They include the use of a

Draper psychrograph and thermograph, a geotome, aneroid barome-

ter, maximum, minimum, and ordinary thermometers, egg-beater

psychrometcrs, and a simple photometer.

A set of the Draper instruments was established in Boulder, at

an altitude of 1620^, and at timber-line on the east slope of the

Continental Divide at an altitude of about 3420"^. A set of records

of these instruments was taken between June 21 and July 20, 1905.

The instruments were set each week by comparison with a watch and I

with the humidity and temperature readings obtained from the egg-

beater psychrometer and the thermometer. The thermograph records

were found to agree within a few degrees with the temperature

as given by the thermometer, but very little confidence can be placed

in the psychrograph records as the reading recorded by this instru-

ment seldom, if ever, tallied with the readings given by the hand

psychrometer, and in fact the two psychrographs when running side

by side did not agree with each other closcrthan seven per cent.

A set of maximum and minimum thermometers was placed at

the mouth of a small canon at an altitude of 1710"^ and readings

taken weekly from June 23 to July 31, 1905. From August 4 to

September 4 these were stationed on a moraine in open pine timber

at an altitude of 2550"^. Another set was kept on the open plains

three miles east of Boulder at 1590°" altitude from the middle of

June to the end of September.^

With the geotome, two soil cores were obtained at each station,

one of the first 11.25*="^, and one from 11.25 t^ 22. 5^"" in

^ See below.

3 The thermographs and psychrographs were elevated about t .
2^ above the

ground, the maximum and minimum thermometers 0.6™. They were all carefully

housed so as to protect them from the sun and yet afford free access to the air.

}

t

I
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depth.3 These readings are of course not entirely satisfactory in

determining the soil water available for the trees, with their roots

extending to a depth of many feet; but the deeper sample probably

Fig. I.—Castle Rock in Boulder Canon, altitude 2250™; in the foreground and

to the right is seen the Populus angustifoIia-Salix Nuttallii formation; scattered

over the hills are Pscudotsugas and Piceas.

gives a fair basis for comparison of habitats in this respect It is

exceedingly difficult in any extended investigation to carry a geotome

which will reach a depth of several feet. The soil samples obtained

3 Exceptions to these depths will be noted below.
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With the geotome were carried to the laboratory in Boulder in tightly

dosed tin cans and weighed as soon as possible after collection.

They were then opened^ the samples dried for three days at an average

temperature of 24 to 29''C., after which they were weighed again.

The difference between the two readings gave the weight of moisture

contained in the soil, and this weight is expressed in per cent, of weight

of the dried sample. In the case of soil samples which it was necessary

to carry in the pocket for several days before weighing, an allowance

of a few decigrams must be made, since there was a slight evaporation

from the tins. This slight inaccuracy, however, is not sufficient to

invalidate the general results. "

At each station soil temperatures were taken on the surface of the

ground and at depths of 11.25*^'^ and 22. 5^"^, respectively. The

air temperature was taken at 7.5^^ and 9*^^ above the ground;

while humidity readings were also taken at 7.5^"^ and 9"^"" above the

surface. Occasionally humidity and temperature readings at 1.8

above the ground were taken.

The light readings in each formation were obtained with the pho-

tometer, and these were evaluated in terms of a standard series of ten

readings of one to ten seconds respectively, taken at 12:30 P. M. on

October 2 at 1620^^ altitude in Boulder. A similar series was taken

at noon on June 23, but unfortunately lost.

The aneroid barometer was used in obtaining the approximate

altitudinal limits of the formations, and the altitudes so obtained

were checked whenever possible by those obtained by the United

States Geological Survey.

The obsen^ation stations were chosen at points as nearly typical

as possible for each formation, and at most stations from three to

many obsen'-ations were taken during the summer of 1905."^ Where
the formations showed isolated societies within their limits, separate

stations were selected for each of these.

Boulder County, Colorado, lies on either side of the fortieth paral-

lel of north latitude. Its western boundary is the Continental Divide

of the Rocky Mountains, while to the east it extends about 19^"^

from the base of the mountains. With the exceDtion of the banks

mountains

4 Three obsen-ations were taken in 1907 as noted below.
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which were originally pretty heavily timbered; but since the settle-

ment of the region^ the forests have been and still are disappearing.

The topography of the mountains has been determined by vast

elevation accompanied by extensive faulting, and followed by great

erosion. The face of the country is exceedingly broken. High,

4

Fig. 2.—Foothills near Boulder; the aUitude of the tops of the hills ia the back-

ground is approximately 1950^; in the foreground is seen the shrub-grass formation

of the foothills, which in this \^e\v is dominated by a grass-sagebrush society; scattered

over the hills in the background is Finns scopiilorum,

rocky ridges alternate with deep canons walled in by rocky precipices

hundreds of feet in height, Avith an occasional granite dome isolated

from the general mass. Such a dome is shown in fig, i.

Passing from the plains westward toward the Continental Divide,

we first encounter the foothill region of the main range {fig. 2). This
o

is a region of broken ridges with steep slopes, cut at intervals of 1.5
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to 7^"^ by larger and smaller canons running from east to west, in

which flow the streams. Extending north and south from these

main canons are numerous smaller canons and gulches, so that the

entire region is very irregularly furrowed in all directions. The

foothill region is 6 to 8^°^ wide and at its summit reaches an altitude

of about 2250"^, although some of its individual peaks may reach a

height of 2700"".

From the western end of the foothills to the base of the main range

is a distance of about 16^"". This is the plateau region, ascending

gradually from 2250"" to 3000 "" at the base of the range. While

the surface of this region is much broken, it is less so than either the

foothills to the east of it or the main range to the west, and its general

contour is comparatively even. In its eastern part, however, where

the streams lie far below the general level, are found the deepest and

most rugged parts of the canons. In its western portion are many

beautiful little parks along the stream courses (fig. j) which afford

good crops of hay and excellent pasturage. Above 3000"^ the country

again becomes much broken, the steep and rocky slopes encountered

above timber-line culminating at the crest of the range in vast chasms

and inaccessible pinnacles of rock. Above 2400"^ the mountains

have been extensively glaciated. The ice sheet at the time of its

greatest extent covered all but the highest ridges above 2700"^,

while tongues of ice in some places extended down to nearly 2400"^.

As evidence of this condition we have today the vast morainal

deposits, the chains of little glacial lakes (fig. 4), and the existence

of a small glacier on the eastern slope of the Arapahoe Peaks some
32^"" west of Boulder. The highest summits in Boulder County are

Mt. x\udubon and the Arapahoe Peaks, with approximate altitudes

of 4050"^.

The principal streams are North, ^Middle, and South Boulder

Creeks, Jim Creek, the North and South St. Vrains, and Left Hand
^

Creek. All of these rise at the base of the range and flow eastward to

join finally the North Platte River.

The dimate of the region is semi-arid. At Boulder, situated

directly at the base of the mountains, the average rainfall for nine

years has been 42.7^"^. In the higher mountains there is a much
heavier annual rainfall than this, the difference between Boulder
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and the summit of the range being 25 '^^ in 1904. The rainfall at

the base of the mountains occurs mainly in April and May, but in

the higher mountains it is distributed through spring and summer.

I

^.._«s,

^.

^^

-^

# &
»

. ,^ i^

T, - i^-

>
^«t^

(

-^^-^^

^
- ^*

.-ii

V^

r^-^ ,

<'

\" '..

Yr\

^^Hr^^'^^B

Fig. 3.—a mountain "park" on Boulder Creek, 35*="^ west of Boulder; in the

foreground are a few Pinus Murrayana and Pinus scopuloriim; in the middle fore-

ground 13 the upper extension of the Populus angustifoIia-Salix NuttaUii formation

intermingled with Populus tremuloides and Piceas; to the right is an aspen grove;

on the mountain in the background is a burned area in Pseudotsuga and Pinus Mur-

rayana timber, in the lower part of which are a few aspen groves.

The heavy snows of winter, packed in the ravines by the high winds,

do not melt until late in summer and are the principal source of water

for irrigation.
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At the base of the mountains the temperature range is from

37? 7 to "34?4, though neither of these figures is often reached by

thermometers elevated a few feet above the surface of the ground.^

The following is the record of maximum and minimum tempera-

tures obtained by me during the summer of 1905 : At Boulder (1620"^)

from June 21 to July 20 the maximum thermograph reading was

34? 4, the minimum 5°. At timber-line during the same period the

maximum
maximum thermograph reading was 22?2 and the minimum —3?

9

Three miles east of Boulder on the plains (1590"^) the

minimum thermometers from June 13 to July 31 gave

40? 3 and a minimum of 6?i; from July 31 to Auc

mum of 41*^ and a minimum of g??-"^ The instruments at the cafion

mouth (1710^) from June 13 to July 31 gave a maximum of 3

and a minimum of 7?7, while those on a moraine (2550"") from

August I to August 2g gave a maximum of 30? 3 and a minimum of

4? 7. These results show an approximate difference in mean tem-

perature of 11^ between Boulder and timber-line, an approximate

difference of 1° per 160™ altitude, the difference in the maxima being

slightly greater and in the minima slightly less than this. It must of

course be borne in mind in the study of these results that they are

fragmentary, covering comparatively short periods.

As already remarked, comparatively little confidence can be

placed in the psychrograph records. The curves traced by the two

instruments are in no way conformable to each other, owing to the

fact that the relative humidity is dependent on such local factors as

sunlight and wind and hence is liable to sudden and considerable

variations within limited areas. I have even known the temperature

recorded by the wet-bulb thermometer to fall i?5 C. w^ithin a few

seconds when a sudden breeze sprang up, succeeding a calm. These

facts show that a comparison of humidity readings between different

stations at any given instant of time is open to serious error, and

thermomet

owing to local conditions.

formation

5 All temperatures are recorded in degrees Centigrade.

6 The great difference between the maximum at Boulder and three miles east of

Boulder is doubtless traceable to the different elevations of the instruments above the

ground at these points.
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group of plants of definite composition as to species, occupying a

definite habitat as to the physical characteristics of the latter, or a

definite area as to geographical position. A "society" is a definite

group of plants as to component species occupying a secondary

position within a formation. The "characteristic species" of a

formation are those which dominate the area occupied by that for-

mation. Thus the "characteristic species" of the "cottonwood-

i

Fig. 4.—The Picea-Abies formation with a glacial pond in middle foreground.

willow formation" of the lower canons and plains are Popuhis

occidentalis and Salix fluviatilis. Within th's ''formation" we find

the Crataegus and Corylus ^'societies."^

Composition of the forests

The forests of Boulder County may be classed under the fol-

lowing formations: (i) Populus occidentalis-Salix fluviatilis forma-

tion; (2) Populus angustifolia-Salix Nuttallii formation; (3) Pinus

1 1 have given these definitions for the sake of clearness, but with no claim of

originality. The nomenclature of the paper is that used by Rvdberg (fip. cit.).
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scopulorum formation; Murrayana formation; (5) Apinus

flexilis formation; (6) Pseudotsuga-Picea Engelmanni formation;

formation

While Popiih

mountains, I have not thought best to consider it of higher rank than

a society. My reason for denying it formational rank is that it

occupies varying habitats, associating with the other formations, and

never dominating areas which are well defined either as to their

physical features or geographical position.

All these formations are montane excepting the first, and even

this extends up the canons to about 1950"^. The second, on the

contrarv, while chieflv montane, overlaps the first on the plains

-

(l) THE POPULUS OCCIDENTALIS-SALIX FLUVIATILIS PORMATION

{fig. 12)

This formation occupies the banks of streams on the plains and,

as already mentioned, is found also in the lower canons. It is a

straggling tree formation scarcely worthy the name of forest. While

restricted mainly to the stream banks, groves of trees may occasionally

be found along the borders of the old flood plains*

It is a ver}^ mixed formation, consisting essentially of two layers,

an upper woody layer and a lower herbaceous one. The former

may be divided into two subordinate layers, one controlled by Populus

occidentalis and the other by Salix fltiviatilts. These are not, how-

ever, usually coexistent, but alternate, the cottonwood controlling

here and the willows there. Associated with the two characteristic

species of the formation are many individuals of Populus angtistifoliaj

but these do not control. A few scattered shrubs occur in the for-

mation but are not sufficiently numerous to be considered as an inde-

pendent layer (see below). The herbaceous layer, moreover, might

be separated into two subordinate ones; but since its constituent

forms present every gradation in height, such a separation would be

entirely arbitrary and superficial. A ground layer of mosses and

liverworts is occasionally present.

The formation is an open one. Occasionally the trees form a

sufficiently dense growth to exclude all but the more shade-loving

species, but for the most part they are separated by inten^als of many
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permitting the entrance 1

most of the soecies from the adjoining formations. These

species are largely ruderal, owing to the presence of cattle and the

proximity of farms and highways.

Of the weeds entering into the formation some of the commonest

are Medicago sativay Melilokis alba, M. officinalis^ Trijolium pratensey

T. repens^ Phleiim pratense, Poa pratense, Bromus brizaeformisy Poly-

*^

Fig. 5.—The Populus occidentalis-Salix flmnatilis formation, two miles above the

mouth of Boulder Canon; to the left the control is shared by Populus occidentalis

and Rulac negimdo; to the right Salix fluviatilis dominates.

mm lapathijoliiimj Verbascum thapsus, Ambrosia trifida, Solidago

ladensiSj and Helianthus grosseserralus ( ?) .

,

In the more dense parts of the formation, the forms of the under

more

moreindividuals. Three of the

Vagnera siellata, and Viola canadensis.

The stream banks form a path along which some of the montane

species are invading the plains. Hence we find in the cottonwood

formation a few such forms as Viola canadensis and Apocynum
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+

androsaemi folium. A few species from the adjoining plains are invad-

ing the formation. These include an occasional Artemisia sp, and

a few individuals of Feshica octoflora. Eleocharis palustris wanders

in occasionally from nearby meadows.

While the under layer of the formation is so mixed that it is diffi-

cult to assign a dominant r61e to any forms, yet in general it may

be said that this layer is characterized by Agrostis alba and Melilotus

alba. The vernal aspect is not derived from any species or group

of species, the color of the vegetation at this season being mainly

green. In its late aestival and autumnal aspect the yellow of Solidago

and Helianthus gives to the vegetation its predominant color.

In the lower canons {fig* 5) the formation maintains the loose

straggling character which it presents on the plains. Here, however,

most

( 1^^^' 5j ^) • Chief among these are Alnus tenui-

ita. Other members of this laver are Crataemsfolia and Corylus rostrata. Other

cerronisj C coloradoensis^ Clematis ligiisticifolia, A?npelopsis penta-

folia, Primus americana^ P. melanocarpa, Rosa pratincola, and Acer

glahriim. In the densely shaded thickets formed by these shrubs,

the under layer is composed mainly of Hydrophyllum Fendlerij Viola

canadensis^ Galium trifidtimy and Vagnera stellata. Species from

the higher slopes occasionally wander in, such as Berberis Fendleri

and Prunus melanocarpa.

In places where the light value falls as low as 5 : 300, the under

layer is largely lacking.

Mixed as is this formation on the plains, in the narrow and steep-

sloped canons its continuity is still more difficult to follow. The
species from the adjoining shrub-grass formation of the canon sides

come down to the bottom of the canon and minde with those of theo
cottonwood-willow formation, ruderals are numerous, and along the

stream banks members such as CoU
paruifloray Mimulus minor, and Veronica peregri

Whcre\

Populus
invading them in large numbers. Such invasions, for the most part,

are only temporary, however, on account of the floods which in spring

overflow these sandbars, destroying the plants on them.
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Owing to the physical condition of the surrounding habitats, the

Populus occidentalis-Salix fluviatilis formation is in a practically static

condition. My data on the physical characters of the habitat of this

formation are as follows

:

"

Observations taken on Boulder Creek east of Boulder during

July 1905 gave results as follows:

+

Temperatures^

(Observations July 3, 11 A. m.; 10, 10:45 A. m.*, 24, 11:15 A. M.; 28, 1:45 p. m.)

Minima i6?2 i6° i6?6 2o?5 2i?2

Maxima 2o?25 i8?s 3i?25 26^5 25^5

* Zero indicates the ground surface, minus readings below surface, and plus readings above the

surface.

Water content

Observations 1 1 .
25*=" 22 .

5— 1 1 .
25^"

July 10 30 . 1 per cent. 18
. 3 per cent.

July 24 8.8 per cent. 9 per cent.
h

Relative humidity

(Observations July 3, It A. &f.; 10,10:45 A.M.; 24,11:15 A.M.; 38,1:45 P.M.)

Am
1*S

cm 9

Minima 43 per cent. 3^ P^^ ^^^t-

Maxima 73 pc^ cent. 60 per cent.

The light value in this formation taken above the under layer at

noon on August 7 was 9 : 180.

\ In a thicket of Corylus rostrata at the mouth of Boulder Canon,

three series of observations gave the following results

:

4

Temperatures

(Observations June 24, 10:15 .\. M.; July 17, 12:20 p. u,\ August 301 7 a. m.)

Minima i3?5 i3?8 i4?4 i6?75 if i7-5

Maxima i8° i8^ 2i?5 25?$ 27° 27-5

Water content

Observations 1 1 . 75^* 22 . 5 - "
i

-
25*"*

June 24 29
. 5 per cent. 24 . 6 per cent.

July 17 12.5 per cent. 12.4 percent.

Aug. 30 5.3 per cent. 7-2 per cent.

Relative humidity

(Observations June 24, 10:15 a. m.; July 17, 12:20 P. M.; August 3o» 7 a. m.)

Minima 30 per cent. 27 per cent. 26 per cent.

Maxima 80 per cent. St, per cent. 88 per cent.
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In a hawthorn society at the mouth of a small canon at an altitude
r

of 1710^, observations were made at three stations. One of these

was in the center of the thicket, close to a small stream; this I shall

designate as Station E. A second station, which I have called E,,

was chosen about midway between the center and edge of the thicket;

and the third, or Station E,, was taken just at the edge of the thicket.

The results obtained for these three stations follow:

Temperatures

Station E (Observations June 12,7P.M.; 13, 6 p. m,-, July i, 8: 15 A. M.', 8,10:30 A.M.; 17,9:10 A.M.;

August 26, 9:45 A. M.)

— 22. 5=™ — il.2sc"> o*^^ +7.5°°" ' +9''™ +1.8"*

Minima 14^2 13° 14° 12° * 12° t ^^^ t
Maxima 19^ 20^75 25^ 26^5=^ 26?5 f 28° f

* Five observations,

t Four observations.

Station E, (Observations June 13, 6 p. m.; July i, 8:45 A. M.; 8, ii A. M.)

Minima i3?6 i3?4 13*^

Maxima. i5?2 15^5 i6?8

Station E3 (Observations June 13, 7 p.m.; July i, 9:15 a.m.; 8, 11:15 a.m.)

-23. 5C™ —11.25="* o*^""

Minima. ^4^75 ^5^ 14*^6

Maxima. i7?6 17^ I9?5

Water content
F

Observations 1 1 . 25*=™ 22
.
5— 1 1 . 2 5*=°*

Station E June 14 22.8 per cent. 30.8 per cent.

July I 25.3 per cent, 33.3 per cent.

July 8 (raining) 25 .8 per cent. 35 .6 per cent.

July 17 II per cent, 16.7 per cent.

August 26 6.2 per cent. 9.6 per cent.

Station Ex July i 14.4 per cent. 15 .4 per cent.

July 8 (raining) 18 .6 per cent. 13 .3 per cent.

Station Ea July i 6.2 per cent. 13 .3 per cent.

July 8 (raining) 10.2 per cent. 16.3 per cent.

Relative humidity
Station E (Observations, June 12, 7 p.m.-, 13, 6 p.m.; July i, 8:15 a.m.", 8, 10:30 a.m.; 17. P^io a.m.;

August 26, 9:45 A. mO
7,5cm j^dm i.gm

Minima 45 per cent. 42 per cent. 21 per cent.

Maxima 80 par cent. 77 per cent. 77 per cent.

Light value

Station E August 26 9 : 45 a. M, = 5 : 300

(2) THE POPULUS ANGUSTIPOLIA-SALIX NUTTALLII FORMATION (fig. l)

The transition between this and the preceding formation is a wholly

gradual one, the narrow-leaf cottonwood occurrinsr. as already noted,
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as a secondary form in the preceding formation. The upper limit

Popuhis occidentalis i

Populus angustijolia

m At this altitude it is replaced

Like the preceding, this formation lacks continuity, the character-

istic species only occasionally exercising control, and being interrupted

in places by the Pseudotsuga-Picea formation. In scattered associa-

tion with Populus angtistifolia and Salix NiittaUii are Alnus tenuijolia^

f

t

Fig, 6.—A hawthorn society,

Jontinalis

tains an occasional Salix Fendleriana. These shrubs form a straggling

mountain

bottoms and may be occasionally found

(\f^^ in fRvorpd lorRh'ties, Two under la

one of flowering plants, the other of mosses, livenv^orts, and lichens,

are usually present; but these layers, as well as the upper, lack con-

very open. The herbaceous, or middle layer, is very

mixed and holds no definite level, owing to the varying height of its

constituent species. The frequent presence of a highway in the
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canon is causing the invasion of this formation by various weed s

the commonest of which is Trijolimn repens.

Common species of the middle layer are Geranium Richardsoniy

Rudbeckia anipla^ Aconittim cohimhianum^ Aquilegia coeridea, Viola

canadensis, Heracleum lanatiim^ and Vagnera stellala. Occasionally

a Mertensia ciliata from the brookside formation of the Hudsonian

zone wanders down the canons to 2250^.

main

Niittallii

tenuifolia, with an occasional invasion of Pseudotsiiga mucronatay

Popiilus In

und is usually very

middle lavers, in addition to the forms alreadv enumerated

triangularis, Trollius albifl^ Thalicinim Oxypoli

Montia

Carex canescens, Agrostis hiemalisy and Geum oregonense The

middle layer here is usually open, but occasionally the grasses or

Carices form closed societies.
F

The formation is in a static condition. Within the canons at

least there is no aDDarent mierration of the cottonwoods takine: place,

o Nuttallii has invaded the mountain

to a point outside the proper limits of the formation.

The observations made in a thicket of Corylus rostrata and those

in a hawthorn society, and recorded under the Populus occidentahs

formation, apply equally well to this formation, since these forma-

tions overlap at this point, as I have already mentioned. In addi-

tion ot these observations, I have three observations taken during

the summer of 1907. These observations were made at three stations

which I shall call A, B, and C respectively. Stations A and B w^ere

in Boulder Canon about 20^^ w^est of Boulder at an altitude of

about 2250^, while station C was at the mouth of Boulder Canon.

Station A was 6"^, B 6*^"^, and C 1.2^ from the edge of the stream.

^ly observations follow:

Station A, (June 26, 5 p.m.)

Station C, (July 30, 5 p.m.)

Temperatures

11°

-15cm

i6?5

14°

I9?2

pdm

2I?2
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t

I

Water content

I5cni jy_^^cm

Station x\.^ (June 26) 43.7 per cent. 14.6 per cent.

Station B.* (June 26) 30.0 per cent.

Station C.f (July 30) 21 . 2 per cent,

* Observations made tollowing a period of showery weather.

t Rain two days previous.

. (3) THE PINUS-SCOPULORUM PORMATION {fig, 2)

This formation covers the dry slopes of the mountains from their

base at an altitude of 1650"^ to about 2400"^. It is exceedingly

open, the pines seldom exercising any decided control on the sur-

rounding vegetation, except when associated with the Douglas firs.

While the Pseudotsuga characteristic of the Pseudotsuga-Picea for-

mation extensively overlaps the Pinus scopulorum formation, I have

thought best to consider the two as distinct, because the character-

istic habitat of each is distinctly different. Pseudotsuga, in the lower

part of its range, is restricted to the north slopes and the canon

bottoms, while Pinus scopulorum occurs indifferently over north and

south slopes alike, and is absent from the cool, moist canon bottoms

(see below). Pinus scopulorum is frequently associated in more or

less dense clumps with Pseudotsuga, and where such is the case, or

where the pines themselves grow densely, there is present no under

layer whatever, with the exception of a few mosses and lichens. As

soon as the formation becomes thinned out a little, shrubs and grasses
w

from neighboring areas wander in. Sahina scopulorum is found in

scattered association with the pines throughout the formation.

According to old residents of the county, the pines were formerly

much more numerous than at present, having been largely cut for

timber, this species having been formerly the principal timber tree

of the mountains. At present comparatively little is being cut. The

formation is in a dynamic condition. Large numbers of pine saplings

are springing up throughout its extent, and on the mesas, which

extend peninsula-like from the mountains on to the plains, are numer-

ous strips of open pine forest, gradually invadingjhe grass land of

the plains.^ An exposed sandstone cliff 11^°" from the base of the

5 Ramaley {op. clt.y p. 31) explains the presence of trees on the west end of the

mesas and their absence on the east end by a difference in moisture between the two.

Since the pines grow on exposed south slopes of the mountains, however, where the

water content is very low, this explanation does not appear to me fully satisfactory.



>

338 BOTANICAL GAZETTE [November

mountains at Boulder bears in a crevice a young specimen of yellow

pine.^ Occasionally Celtis reticulata^ a representative of the eastern

forestSj is found invading this formation.
r

The absence of a secondary layer v^here the pines and Douglas

firs grow densely is not to be explained alone on the ground of a

scarcity of light or of moisture, but rather by the combined absence

' of these factors. The shade is seldom dense enough to exclude

shade-loving plants, were sufficient moisture present to satisfy the

needs of such forms.
I

The physical factors of this formation were taken at an altitude

of about 2100"^ on a north slope in a small grove of pines and Douglas

firs. The results are given below:

Temperatxires

(Observations July 29, 12:15 P. M.j August 14, 5:15?. M.*, September 13, 3:40 P. M.)

_22.5cnl —11,25*="^ 0«°^ +7.5*=°* +9^"»

Minima i6?2 * 19^=^ i8?75 2i?75 22°

Maxima 17.25* 20°* 26° 27^ 26?75

* Two observations.

Relative humidity
(Observations July 29, 12:15 p. m,; August 14, 5:15 p. ii.; September 13. 3-4^ '^- ^•)

7.5«m rim

Minima 21 per cent 23 per cent.

Maxima ...... 65 per cent. 35 per cent.

Water content

Observations it.25«" 22.5— 11.25

July
August

-cm

4.4 per cent.

2.6 per cent

September 3. . . . 1.6 per cent. 2 , i per cent

Light values
r

September 13 3:40 p. m. =4 : 60 (in medium shade)

4 : 360 (in direct shade of tree trunk)

(4) ih
orum

2400^ altitude and stands

flexilis formation on the other, though it is overlapped by each of these,

and indeed the two latter overlap each other at about this altitude.

The question may be raised whether the Pimis Murrayana forests

deservx recognition as an independent formation, or should be classed

connection

region

i
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as a part of one or both of the two just named. Since, however, they

occupy a definite zone, between 2400 and 3000 tn
, only occasionally

straying up to 3300™, which zone is not coincident with that of either

of the two others, I have decided so to consider them.

t

I

Fig, 7.

—

Piniis Mtirrayana and Pseudotsuga timber near Nederland, Colorado;

approximate altitude 2550^.

This formation occupies the dry mountain sides and is absent

from the canon bottoms. In the former situations it frequently

mingles with the Pseudotsuga-Picea and Picea-Abies formations.

Its habitat, ho\vever, is distinct from that of either of these. While

this formation is much broken, alternating with the Carex-grass-shrub
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formation of the moraines and with the numerous societies of Populus

tremtiloideSj it is less open than either of the other pine formations of

the mountains. In some places the trees are separated by an average

interval of but a few decimeterS; which is usually the case in the

Fig. 8.—^Boulder Creek between Nederland and Eldora, approximate altitude

2490tn; in the canon bottom A Inns tenuijolia and Salix Nuttallii dominate; the

canon sides are clothed with a mixture of the Apinus flexilis, Pinus Murrayana,
Pseudotsuga-Picea, Picea-Abies, and Pinus scopulorum formation.

younger groves. In the older forests there is ordinarily a greater

inter\^al between the trees. The normal abundance of the species in

a forest formation in a n _
F

extensively as have the mountains of Boulder County is obviously

determine But in comparison of apparently
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fA pinus flexilis

latter grows more densely than the former. I know of no virgin

tracts of Pinus scopulorum.'''^

In the denser parts of the forniation the under layer is very scanty,

Arctostaphylo

WhereChimaphila umhellata^ with a few mo^

formation is more open frequent invaders from the neighbo

Carex-grass-shrub formation straggle in. >jskya

Fig. 9.

—

Pinus Murrayana and Poptilus iremuloides timber, two miles west of

iet, Colorado; approximate altitude 2700"^.

Murray Relative to the damage

of mistletoe see Jackwrought by this and the pre

{op. ciL, p. 45).

The discussion of the deforestation and reforestation of the areas

included in this and the succeeding formations I shall rcser\^e for

consideration imder "Succession."

Observations of the physical character of the habitat of this for-

mation were taken at two stations. One of these was in a mixed

^° In this connection see also Jack, Pike's Peak, Plum Creek, and South Platte

Reserves, U. S. Geol. Survey, 20th Ann. Rep., pt. 5, p. 50.
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forest of Pinus Miirrayana and Pseudotsuga mucronata at an approxi-

mate altitude of 2550"^, with a northwest exposure. At this station

three sets of observations were taken on July 13, 25, and August 29.

The other station, at which but one set of observations was made on

August 29, was in a grove of young pines on a northwest exposure at

an approximate altitude of 2520"^. The first of these I shall call

Station A, the second Station B.

Temperatures

Station A (Observations July 13, 10:50 A. M.; 25, 3:20 p. M.; August 29, 6:45 A. m.)

Station B (Observation August 29, 1 140 p. M.)

Minima 9?6 11° i2?5 i4°5 iS''*

Maxima 13° i4?5 2&^ 2^.2$ 20^25

Two observations.

Relative humidity
Station A (Observations July 25, 3:20 p. M.; August 29, 6:45 p. m.)

Station B (Observation August 29, 1:40 p. M.)

Minima 43 per cent. 45 per cent.

Maxima 67 per cent. 64 per cent.

Water content

Observations 11,25^"* 22.5— ii- 25*=°^

Station A July 25 9.8 per cent. 6.9 per cent^

August 29 6.7 per cent. 9 • 5 P^r c^^^^.

Station B August 29 5.3 per cent. 4.2 per cent^

(5) THE APINUS FLEXILIS FORMATION

mountain slopes from m

up to timber-line. In the lower part of its range it is represented by

only a few scattering individuals, but above 3000^ it is the dominant

pine formation. Here it extensively overlaps the Picea-Abies forma-

tion, but I have thought best not to classify it with the latter as

Apinus-Picea-Abies formation, because it occupies as a rule higher,

drier ground than the firs and spruces, which are found in the canon

bottoms as well as on the higher slopes.

Even in the virgin forest, the trees are separated by comparatively

wide intervals, but their spreading tops meeting overhead produce a

sufficiently dense shade to exclude all but a few straggling invaders

mosses

and Vaccinium microphylhim^ which form

of the forest floor. This last species forms a loose strasfdinii layer

!gh mountams
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ing a height of only a few inches. Biologically, the under layer of

this formation is open, but the physical conditions of its habitat are

such as to exclude most plants.

Save where artificial conditions such as fire or lumbering have

intervened, the continuity of this formation is comparatively unbroken,

except in its lower limits, where it is represented only by a few strag-

gling individuals.

Observations of the physical character of the habitat of this forma-

made
t)

Station

A was on a gentle slope with a southwest exposure, at an approximate

altitude of 2940"^. Station B was on a comparatively level area

at an altitude of approximately 3150"^. A series of three obscn^a-

tions at these stations gave the following results:

Temperatures

Station A (Observations July 5, 1:45 V. M.; 27, 11:15 a. m.; September 5, 12 M,)

Station B (Observation July 19, 6:30 A. M.)

_22.5cni — zi.35==> oc"* • +7.5«=» +o.p«

Minima 5?8* 6?2 6° 11°:): ii^J
Maxima 8° f

8° ^3 -4 14-5 X ^3* 75 1
* Depth of 17. s«°», t Depth of 20*=°'- t Three observations.

Relative humidity

Station A (Observations July 5. 11:45 P. m,; 27, 11:15 A. 11.; September 5, X9 M.)

Station B (Observation July ip, 6:30 A. M.)

7.5cm 9dm

Minima 34 per cent, 27 per cent.

Maxima 6^ per cent. 59 per cent.

Water content

Observations 11.25*°* aa-S-ii-as*"

Station A July 5 17.3 per cent.

July 27 18.5 per cent. 8.7 per cent.

September 5 21.4 per cent. 5-5 P^r cent.

Station B July 19 16. i per cent. 11
. 7 per cent.

The light value of the Apinus flexilis formation was taken at a

point where this formation overlapped the Picea Engelmanni-Abies

lasiocarpa formation, on September 8 at 11:30 a.m. The obser-

vation was made in the general shade of the forest, not in the direct

shade of a tree trunk. The value was 5: 180.

(6) THE PSEUDOTSUGA M:UCR0NATA-PICEA ENGELMANNI FORMATION

{Hs^7>8)

800 to 2700m
9

mingles with the Pinus scopulorum and P. Murray
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on the ridges and with the Populus angustifolia formation in the

canon bottoms. Pseudotsuga mucronata is more common than the

other characteristic of the formation and is far more extensive in

its habitat than the latter. Besides Picea Engelmanni^ P. Parryana

occurs in the formation, forming a straggHng society along the bottom

of the canons from 2100°^ to 2700™. Both of these species are

confined to the cool, moist canon bottoms and the draws running into

them. The Pseudotsugas, on the contrary, extend up on to the dry

ridges to associate with the pines growing there. They come down

the canons to 1710"^, while the lowest limit of Picea is about 1950°*,

I have already mentioned the fact that Pseudotsuga, in the lower

part of its range, is restricted to the north slopes.^ ^ A comparison of

the physical conditions of the opposite slopes of Left Hand Canon at

an approximate altitude of 2100^ was made by me on Septernber 20,

1905. Two stations were selected, one on the south side (north

slope) of the caiion and the other on the north side (south slope).

The former slope was well covered with aspens, the station being

chosen in a little glade among them. The latter slope was sparsely

forested with aspens and pines (P. scopulorum). Each station was

about g"^ above the stream. The former I have designated as A
and the latter as B. The following are my results, the observations

being made September 20, 1905:
r

Temperatures

Station A, 2:15 p. m 7?5 9?5 io?5 20^25 2i?7
Station B, 2:50 p. M 22?5 19^ 43° 28^5 25?$

in

Relative humidity
y^^cm (jam

Station A, 2:15 p. m:.. 32 per cent. 27 per cent.

Station B, 2:50 p. m.. 25 per cent. 26 per cent.

Water content *

i°* depth 22 . s'^^ depth f

Station A 4.9 per cent. 11 .3 per cent.

Station B 2.7 per cent. 3 . 3 per cent,

The preceding evening was showery and rain probably fell at these stations.

tA few centimeters core was taken at each depth,
M

As the result of lumbering and fires, this formation has been

extensively invaded by forms from adjoining open slopes, but typically

"In this connection see also Jack {op, cU., p. 434, pi. 12); Shaxtz (op. cit.,

PP- 34i 40); and^RAMALEY {op, cit,, pp. 31 et sen.).



1907] YOUNG—FOREST FORMATIONS OF COLORADO 345

formation Where
overlaps the pine formations on the ridges, its secondary layer is the

same as already described for them. In the canon bottoms it is

invading the Populus angustifolia-Salix ISTuttallii formation, while

invaded bv forms from Where
the tree growth is dense, however, it is practically exclusive of all

Fig. 10.—The Picea-Abies formation; approximate altitute s^oo^; in the back-

ground is seen an extensive burned area.

forms except a few mosses and lichens and an occasional Pyrola

secunda or Arnica cord
i
folia. The formation has been lumbered

extensively, the Douglas fir being used to a considerable extent for

rough bridge timbering and similar purposes.

For the physical characters of the habitat, reference may be made

to the results recorded for the Pinus scopulorum formation, and for

Station A in the Pinus Murrayana formation, since both of these sets

of results are representative of the higher, drier parts of the Pseudot-
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suga habitat. One other set of observations was made at the bottom of

Boulder Canon at 3:40 p.m. on August 29 at an approximate

altitude of 2250"^. Here Picea Engelmanni is common and the

physical factors typical of the cool, moist portions of the habitat

of this formation. The results obtained at this latter point are as

follows \
'

Temperatures

ii?5 14*^ 17° i8?7

Water content

11.25*™ 22.5— II. 25*^"

135
. 7 per cent. 5,8 per cent.

(7) THE PICEA ENGELMANNI-ABIES LASIOCARPA FORMATION

{figs. 4,10, II)

This formation occupies chiefly the canons and to a lesser extent

the ridges of the mountains from 2850"^ to timber-line, in the latter

situation mingling with the Apinus formation. The two characteristic

species are of comparatively equal abundance, although the firs are

more numerous above 3000"^ and do not extend much below 2400

while the spruces are more abundant below 3000^ and pass down, as

already noted, to 1950"^.

Where the forest is virgin it forms a dense growth, excluding

practically all forms except Vaccinium microphyllum and a few mosses

and lichens. Along the wet stream banks through the forest, however,

we find the brookside formation of the Hudsonian zone characterized

by Caltha leptosepala^ Mertensia ciliatay and Senecio triangularis,

while occasional invaders from adjoining open slopes occur in the

more open parts of the formation. Of these must be noted especially

Erigeron salsuginosus and Pedicularis racemosa. It is doubtful

whether the latter form is to be considered as an invader or not. It is

more common in open timber than in clearings, but does not occur

in the dense forest.

The results obtained from obser\^ations in the Apinus flexilis

formation are representative of the drier part of the habitat of this

formation. In addition to these re<^nhQ arp fhoQe obtained at two

m

points The first of these, which I shall

design
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its lower part, at an approximate altitude of 3150^. The slope was
gentle, the exposure southeast* The second point, which I shall

designate as Station B, was in this same canon at an approximate

altitude of 3300^, on a steep south slope.

Temperatures

Observations —22.$^^ — ii.25«°» o«n* 4-7.5*"* -f-o.p*

Station A* . . June 20, 7 p. m. 4?6 8?7 8°7
June 21, 6 A, M. 3?2 2?5 2?2

Station B September 22, 4 p. m. 7?25 8?25 14775

* The observations at this station were made while many snowdrifts still lay in the forest.

ri i ;

iJ I ; . Relative hiimidity

fl Observations +7.5^™ +0.9'"

Station A June 20, 7 p. m. 40 per cent. 40 per cent

lJ June 21, 6 a. m. 100 per cent. 96 per cent,

Water content
I

Observations 11.25*='^ 22.5—11.25*^'"

Station A .... June 20, 7 p. M. 227 per cent. per cent.

Station B September 22, 4 p. m. 20.9 per cent. 20.9 per cent.

Light value

For light value, refer to Apinus formation.

(8) THE ASPEN SOCIETY {fig. g)

I have already stated my reasons for not considering the groves of

aspens as a distinct formation. They have an mdividuality as a

society, however, among the other forest formations which entitles

them to separate consideration at this point.

This society occurs within the limits of the other formations. It

usually occurs as a distinct society, but occasionally loses its individu-

ality, mingling intimately with the trees of the other forests. It is

distributed throughout the mountains from 1800"^ to 3150™, being

confined in the lower part of its range to the north slopes, but in the

higher mountains being distributed indifferently over both north and

south slopes. It may occur either as a scattered grove of trees, exer-

cising but little if any control upon the lower layers of the vegetation;

or it may form a forest with the trees growing within a few feet of

each other, in which case it does exercise a decided control upon the

lower layers.

The physical conditions in such a forest are intermediate between

those in the dense spruce and fir timber of the canon bottoms and
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the exposed mountain slopes. The height of the trees and density

of the foUage is not such as to produce more than a riioderate amount

of shadcj so that the under layer is not composed exclusively of dense

shade-loving species, while the amount of moisture retained by the

soil is sufficient to support an abundant growth of plants. The under

layer is mixed and for the most part open. Some of the more frequent

members are Artemisia iridentala, Arctostaphylos uva-ursiy Achillea

lanulosa, Poa trifloray Antennaria parvifoliay Poa pratensiSy Aquilegia

coeruleay and Castilleja acuminata.

A series of three observations of the physical characters of the

habitat of this formation, taken at a point at 2490^ altitude approxi-

mately, in a little hollow where the general slope was southwest and

very gradual, gave the following results,^ == the observations being made

July 5, 6:10 P.M.; 25, 4:05 P.M.; August 28, 5:45 P-M.

Temperatures

— 22.5«'" —II. 25*^^ • ©c™ 7.5*°* 9^"^,

Minima..... i4?5* 12° ii?2 11° ii-5

Maxima X4?5 * 16^ 19° t ^7 • 5 ^8?2S

Relative humidity

Minima. .- . 68 per cent. 55 per cent.

Maxima 89 per cent. 71 per cent.

Water content

Observations 1 1 ,25^**^ 22
.
5— 1 1 .

25"^°*

July 5 17.3 percent.

July 25 21. 1 per cent. 7.9 per cent.

Aug. 28 20 .9 per cent. 9 . i per cent.

Light value

August 27, 10 A. M =5 : 90
* One observation only, August 28.

t Four observations, this recorded on July 14.

Clements,'^ recognizes the following forest formations in the

Pike's Peak region of Colorado: Pinus edulis-Juniperus (mono-

spcrma); Pinus ponderosa-flexilis; Populus tremuloides ; Picea

Engelmanni and Parryana-Pseudotsuga (mucronata) ; Picea Engel-

manni-Pinus (aristata). The first of these is not represented in

Boulder County. My reasons for recognizing the Pinus scopulorum,

" See also the results obtained at Station A on September 20,

13 Clemexts, F. K, Formation and succession herbaria. Univ. Nebr. Studies

4:329-355-
^
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formations

I

tremuloides

been given in detail in the discussion of these formations. Pinus
aristata is a southern form not occurring in this region so far as I

know.

+

Fig. II.—Timber-line on Mt. Arapahoe, south slope; approximate altitude

3450"!; to the right is a small clump of spruce and fir.

Invasion and succession

The soil of the mountain sides is the result of disintegration of

the talus slopes with which they arc covered. It is a loose gravel

composed of particles of rotten gra

and forms an unstable foothold for

its way downward into the canons.

It is continually working

defined

stages wathin any of the forest formations. The first invaders of a

new or denuded soil are determined primarily by proximity, second-

arily by mobility* On rough talus slopes, where there has been as

i

*
*

V
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yet but little disintegration, the principal forms present are the lichens,

but even here occasional shrubs and grasses may be found growing

in crevices where a little soil has collected. On loose gravel slopes

denuded by erosion, herbs, shrubs, and even trees from neighboring

formations, may pass in indiscriminately. Along railroad cuts and

embankments and in new soils generally, which are close to highways

or other paths of ruderal migration, those forms are among the first

invaders, but they are not exclusively the first to enter. Associated

with them are forms from the surrounding formations, and these may

be either herbs or shrubs, while in some instances trees are the first

invaders of a new soil. As an instance of the latter we have the inva-

sion of sand flats on Boulder Creek by Populus occidentalis.

All of the forest formations of the higher mountains have been

extensively denuded by fire {figs, j, id). The Pinus scopulorum

burned

form

them. While

m
mobility of their seeds and the readiness with which they reproduce

from roots left uninjured in the burned area, their sharein reforesta-

tion is not exclusive. Thus any other of the forest trees may

reforest a denuded area without the intervention of any aspen stage

in the succession, while pines and aspens may reforest a denuded
w

area simultaneously. -
In the numerous meadows of dacial origin in the higher mountains,^x^v.^«,j. wxxq^x^ XX* ^xxv, x*XQ

meado
m

mosses ^ sedges, and grasses; these in turn

to be replaced by beeches and willows, and these latter finally to

make way for the forest. These stages, however, are not sharply

defined. The forest may succeed the sedges and grasses directly,

without the intervention of willows and beeches, or the latter may
succeed the grasses and sedges simultaneously with the forest.

The life-zones of the mountains in Boulder County may be outlined

as follows, based upon the forests of the region: Alpine zone, char-

3300 to 3450^; Hudson )

Aphius flexilis and Abies lasiocarp
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U
While

Murraya

scopulor

2400 to 2850

1650 to 2400m

difficult to separate them in determining what factors exercise the

influence in limitin

these factors to two in answering the question ^' Why are zones present

in mountain forests?" The factors of light and humidity may be

rejected at once, since their variation at different altitudes is practically

Fig. 12,—The Populus occidentalis formation in the valley of Boulder Creek, six

miles east of Boulder; approximate altitude 1590"^.

negligible. The obvious answer is that mountain zonation is due

entirely to temperature. We have already seen that the diifercnce in

temperature between timber-line and the base of the mountain is

very marked and the same is true, even to a greater extent, of the

length of the growing-season. That water content may play as great

if not a greater role than temperature, however, is at least possible.

I have already noted the fact that the rainfall hi the high mountains

about 25"^^ annu

The part played, moreover, by the development of the formations

and their relation to the glacial history of the country may be very
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considerable. At present I have not sufficient data to enable me to

discuss this question fully.

m Closing tnis paper, 1 wish to express my appreciation of the

kindly interest taken in my work, and assistance given me by Drs. C
E. Bessey and F. E. Clements, of the University of Nebraska, and
by Dr. Francis Ramaley, of the University of Colorado. For
identification of my collection I am indebted to the New York

^Telson, Laramie, Wyoming, and
Mr. A. S. Hitchcock, of the United States Department of Agriculture.

University of North Dakota

I
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FERTILIZATION IN CYPRIPEDIUM
CONTRIBUTIONS FROM THE HXTLL BOTANICAL LABORATORY 103

LuLA Pace

(with plates xxiv-xxvii and one figure)

The orchids have attracted much attention on account of their

striking habits and especially because of their remarkable adapta-

tions to insect pollination^ but the record of morphological investiga-

tion is a very scanty one. Morphologists have doubtless regarded

them as highly specialized forms, whose interest probably lies within

themselves rather than in any connection with the larger problems

at present attracting attention. In the stages of development extend-

ing from the archesporium of the ovule to fertihzation, Strasburger's

account (43) of Orchis pallens, in 1878, indicated that the familiar

angiosperm stages were present in the family. Later, the same

investigator (44) states that no parietal cell is cut off in Gymnadenia

conopsea; and Goebel (22) makes a similar statement for Orchis

pallens, probably based upon Strasburger's original account of

this species; but Dum:^e and Malinvaud (19) report several genera

with parietal cells. Recently Nawaschin (35) and Strasburger

(45) have discussed triple fusion in the orchids and its relation to

endosperm development, the former claiming that in tropical forms

the nuclei remain in contact but do not fuse, the latter stating that

fusion occurs in the forms he had investigated. In connection with

the development of the embryo, especially in reference to certain

remarkable suspensors of the group, there is a considerable body of

literature, but it Hes beyond the scope of this paper.

• The greater part of the material for the present investigation was

collected in the vicinity of Chicago in the summer of 1906, small

collections having been made also in 1896 and 1898. The collections

of 1906 were made June 17, July 4, ii, 17, and 27, Cypripcdium

spectabile and C- parvifforum furnished the greater part of the mate-

rial, but C. pubescens and C. candidum v/ere examined also in a

few stages. The youngest material collected was from flowers just

353] [Botanical Gazette, vol- 44
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opening, and later stages were collected from time to time until the

seeds were almost mature.

MEGASPOUE

As is well known, the ovary of orchids contains a great number of

small ovules arranged in three double rows. The ovules are very

slow in developing, but the archesporial cell is differentiated in the

bud. No parietal cell is cut oiT, the archesporium functioning as

the spore mother cell. The young ovule lengthens rapidly and a row

of several cells is formed below the archesporium; these cells were

often seen in mitosis^ but the archesporium was never found dividing

until the mother-cell stage. In flowers just opening the spirem of

the mother cell is formed, and the synapsis stage is usually reached

by the time the flower is in full bloom (fig. i). While the dinsion of

the mother cell appears to be of rather long duration in most plants,

it seems to be unusually prolonged in orchids as compared with other

herbaceous plants. Certain cultivated orchids examined suggest the

probabiHty of no further development of the ovule unless poUination

takes place. The cells of the ovule are all relatively large, with large

nuclei, but the mother cell is quite striking because of its size. At

this stage the whole ovule, which is always very small, is growing

rapidly, the region of the integuments being especially active. The

division of the mother cell takes place in the usual way (figs, r, ij, i6).

Certain details of this division are particularly well shown in my
material. After the integuments are started, the spirem begins to

thicken, the chromomeres are very distinct, and the thread is quite

long, so that it is hardly possil)le to do more than suggest its appear-

ance in a drawing (fig. 2). A nucleus Hke that in fig, j, in which only

a few threads arc drawn, shows them beginning to be paired; a little

later stage is shown in fig, 4, where the threads lie closer together and

pairing is more evident, the whole spirem being in this condition.

In this stage the chromomeres were not so distinct, but it was evident

that the threads were not entirely homogeneous. When the threads

have approached each other until the chromomeres almost touch,

or even seem to be in contact, the synaptic knot begins to form (fig. 5),

usually around or close to the nucleolus, which often shows vacuoles

at this time. As the threads are crowded more and more into the
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knot, often several of them seem to be attached to the nuclear mem-
brane {fig. 6)\ this was seen several times, so that it is probably the

usual condition. The synaptic knot is at one side of the nucleus

and gradually becomes a compact mass {fig. 7). Even when it is

most compact, the constituent threads are apparently distinct, as is

suggested in the figure by the rough edges of the knot and by the

very evident lines across it. Hundreds of nuclei in this stage were

examined and this seems to be the usual condition.

Upon coming out of synapsis, the threads are no longer in distinct

pairs, but in many instances the double nature could be detected

for short distances, and occasionally throughout much of the spirem.

The threads gradually resume their position near the nuclear mem-

(fig-

(fig^

ndications The chro-

momeres become less and less distinct, so that with the thick spirem

an almost perfect homogeneity seems to exist {fig. p); but even in

this stage the double nature of the spirem is often evident, especially

when cut ends are examined. There are eleven chromosomes at

this reduction division {figs. J2, /j), but it was not possible to

determine just how the spHtting takes place—whether transversely

or longitudinally. Fig. 10 is at the right stage, but whether these

pieces are to be regarded as having about completed the longitudinal

sphtting, or as the one long curved and twisted chromosome which

will be cut transversely, could not be determined from my material.

Pig' ^5 shows a typical spindle for the division of the mother cell.

A cell in the wall of the ovule gave the expected count of twenty-two

chromosomes for the sporophyte; these were scattered somewhat in

the drawing {fig. 14) .

When first formed, the daughter cells are alike in form and size

{fig. 16); but very soon the inner cell shows that it is developing

faster than the outer {fig. 17), which also begins to show signs of

disintegration. This difference becomes more and more pronounced

in the metaphase (Jig. ig) and telophase {fig. 20) of the favored cell.

Early indications of the spindle suggest the usual bipolar form

{fig. 18), and longitudinal splitting of the chromosomes is shown in

fig. 19, so that there is nothing unusual in this division of the daughter
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cell (or cells) up to the telophase stage. There is no evidence of a wall

forming between the two nuclei either in the telophase stage or later;

and the two nuclei are thus left free in the cytoplasm. This stage

was seen repeatedly, and never was there a wall separating the

megaspores formed by the second division. Figs. 20, 21^ 2j, 24

represent conditions common in the material studied, which was

July This is the con-

dition in most flowers when one looks for fertilization stages; but

here the megaspores are just forming in many of the ovules, although

in an occasional one there was some evidence of fertilization. The

figures give a rather complete series of the stages that would be

expected to show indications of wall formation; but there is no

suggestion of an ephemeral wall even, as might be expected in case of

its relatively recent elimination. Fig. 22 shows tw^o daughter cells

in which the nucleus of the micropylar one is developing, but this

was the only case of the kind seen.

EMBRYO SAC

Immediately after the division of the inner daughter nucleus

megaspore

embr}^o sac {fig. 2j), which incr

erv vacuolate. The two mega

form spirems {jig. 24) which thicken, and the usual mitotic division

follows {fig. 25). The spindles for this division, resulting in a four-

nucleate sac, are small and apparently at right angles to one another.

No evidence of another division was found, although at least three

exami

for this particular stage. When the sac is ready for fertilization,

four nuclei are present, so that if other nuclei are formed they are

very ephemeral. The micropylar daughter cell resulting from the

division of the megaspore mother cell may still be distinguished,

though it is e\idently fast disintegrating {figs. 2j, 24, 25). The four

nuclei of the sac are usually of the same size {fig. 26), but in one

instance the two micropylar ones were larger than the others {fig. 27).

Probably fig. 28 gives the explanation; in this sac the two megaspore

nuclei are not dividing simultaneously, the antipodal one being in

late prophase, while the micropylar one has reached the late telophase
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and the two new nuclei are being organized. Not only has the

embryo sac increased enormously in size, but the whole o\TiIe is very

active. The integuments haA^e grown very rapidly^ having lengthened

until they reach far beyond the nucellus.

The usual egg apparatus, with its two synergids and egg, each with

very distinct cytoplasm and Hautschicht^ is organized in the micro-

pylar end of the sac, the other nucleus being left in the center or toward

the antipodal end (figs, zg^ jo),

A few peculiar or ^^abnormal" forms were found. Fig. ji shows

what appears to be two mother cells, which is suggested by the unusual

development of that region of the o\aile compared with that of the

integuments and the remainder of the OA-ule; but the best evidence

is in the chromosomes, which in both cells appear to be of the hetero-

typic form. In another orchid^ in several cases, two mother cells (in

synapsis) were seen in a single ovule. Usually the spindle in the division

of the mother cell is parallel wdth the axis of the ovule; but fig. 32

shows one at right angles to the usual position; only two of these

spindles were seen, and they were near each other in the same ovary.

No arrangement of megaspores seen could be related to this position of

the spindle. Several examples of the division of both daughter cells

were found {fig. jj). It is probable that in this case only one embryo

sac is formed, for even in the very early spirem stage the two chalazal

megaspores are developing at the expense of the others, or at least

more rapidly than the two micropylar ones {fig. 34). The width of

the ovule in fig. jj suggests the possibility of a transverse spindle,

but it was evidently transverse in the second di\asion, as suggested by

the lines of protoplasm and by the position of the nuclei. These

''abnormahties" are all rare in my material, not more than a dozen

such cases appearing among thousands of the usual forms.

FERTILIZATION

immense

thenogenesis, or of failure to develop an embryo at all. The latter

view is favored by the wxll-known difficulty in germinating orchid

seeds, but the material studied gave no indication of either condition.

All OTOles of the right age had embr}^os, and in almost all of them

evidences of the pollen tube were more or less distinct, traces of it
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often being detected in the space between the wall of the ovary and the

micropyle; and in most cases traces could be seen in the micropyle

and continuing into the embryo sac {figs. 45, 49).

In the pollen grain the division into tube end generative cells

takes place before shedding. In this division a wall forms in all

cases examined, but it soon disappears. In one anther over one

hundred late anaphases and early telophases were counted in which

the wall was formed, and only about a dozen late telophases were

without a wall. As these showed no traces of the spindle, the proba-

bility is that the wall was formed here as in the others, but had

disappeared. The generative nucleus has a mass of cytoplasm about

it that differs markedly in its staining reaction from that of the tube

nucleus. The gametophyte number of chromosomes (eleven) was

easily counted here. Figs. 36-41 represent a series in this division.

Fig. SQ shows the wall forming in the telophase, while fig. 40 shows

it completed. The latter figure is also interesting in showing a

chromosome left out of one of the nuclei at its organization.

The division of the generative nucleus was not seen; but as pollen

from the bud to the time of shedding was studied, it must take place

after poUination. When the pollen tube is passing from the ovary

wall to the micropyle, the division has already taken place {fig. 45).

Only one attempt at pollination was made. Two flowers with

stems about 25"=°^ long were brought into the laboratory, placed in

water, and the whole put under a bell jar with some ventilation to

keep them in as nearly normal condition as possible. Each was

pollinated from the other. Four days later one of them was fixed,

being apparently in good condition; but the other was dead six

days after poUination. When the first was sectioned and stained, the

ovules Avere found to have gone to pieces. The pollination was made
in the hope of getting some idea of the development of the o\^le in

relation to the time of poUination. The stigma was sectioned and

showed that the pollen grains had practically aU developed tubes,

many of them being traced into the conductive tissue, in some cases

for some distance, and the grains were almost aU empty. If the

development of the tube was delayed, a condition like that in fig. 41

was found, in which the tube is just forming and the generative

nucleus is beginning to show signs of acti\dty. Soon a complete
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spirem is formed, and tubes less than the length of the pollen grain

have the three nuclei in them ; so that the generative nucleus probably

divides into the male nuclei as the tube develops.

It will be remembered that the embryo sac ready for fertilization

contains only four nuclei—the egg apparatus in the usual position,

and the remaining nucleus near the center of the sac or toward the

antipodal end {figs. 29, jo). As the pollen tube penetrates the sac, one

of the synergids may be in front of it and a little lower than the other,

as if it were being pushed from its usual position by the inrush of the

contents of the tube^ or moving for some other reason toward the

antipodal end of the sac (fig. 44), The egg nucleus may be already in

the spirem stage. The pollen tube here shows the tube nucleus

in advance^ with the two male nuclei elongated and near it. A stage

just later than this shows two nuclei below the egg, and from the

lines of cytoplasm one seems to be the synergid which has moved to

that position [fig. 42). The two male nuclei are still somewhat

elongated and are in advance of the tube nucleus. Fig. 43 shows

the polar nucleus and the synergid near the antipodal end of the sac,

and the two male nuclei still elongated. The primary endosperm

nucleus is formed in this case by the fusion of a male cell, the solitary

polar nucleus, and the migrating synergid. In this fusion, as well

as in the fertihzation of the egg, the fusing nuclei often come into

contact in the resting condition {f^g. 45), the figure showing the male

nucleus in contact with the egg still curved and elongated. Many
\aews of this stage might be given with slight variation in the position

of the nuclei; and while fusion in the resting condition was apparently

the more common in my material, it was not at all uncommon to find

spirems already well formed and in different stages of development.

The pollen tube was often traced from the ovary wall through the

micropyle into the embrj^o sac. The male nuclei are usually elongated

and sometimes in advance of the tube nucleus, but the tube nucleus

usually precedes them {fig. 46), In no case does the pollen tube pass

directly to the micropyle, but bends in various directions* This may

be due to the attraction of other o\niles, several of which will be

almost as near as the one entered. It may be that after leaving the

ovary wall the tube simply wanders in this space until it comes v^iihin

the influence of the ovule it enters. . .
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One sac indicated the possibility that the synergid may fail to

unite in the triple fusion. Fig. 47 is unusually interesting. Some

of the nuclei show the tendency to become amoeboid, but the interest

is due especially to the condition of the nuclei, all of those that take

part in double fertilization having reached the spirem stage not only

before fusion, but even before contact. The spirem is well formed

in every nucleus, and shortened almost enough to segment into chro-

mosomes. It would seem in this case that if fusion does take place,

there could be no possibility of a fusion of the chromatin, which would

certainly divide into chromosomes from each spirem as it is now

formed. Well-formed spirems in different stages of development

are common; in fig. 48 the male and female nuclei have formed thick

spirems which are evidently clistinct, and while those of the triple

nucleus are just as distinct, they are much younger. In the same

figure an unusual development of the synergid, or possibly of the tube

nucleus, is shown; but as no further indication of division was ever

found, there is probably no significance to be attached to it- Fig. 49

shows a pollen tube from its entrance into the micropyle to its ending

in the sac, the male nuclei being not only elongated but curved. In

a few instances there is some distance between the two male nuclei

{fi'g^ 50), but this seems to be rather uncommon. The very sharp

bend in the tube shown in the last figure suggests some special

attraction felt just at this point, directing the tube into the

micropyle.
,

,j

ENDOSPERM

The fertihzed egg may divide before the primary endosperm

nucleus {figs, ji, 52) and during this di^asion the latter may be in the

spirem stage (fig. 51), or resting, or with the spirem just forming;

and in one instance the division of the egg was taking place before

the second male nucleus had left the pollen tube. The endosperm

nucleus, however, may divide first, fig. 53 showing it in late prophase

while the egg and male nucleus are barely in contact and the spirem

is just beginning to be formed in each.

With the nuclei of both fusions in the spirem stage the endosperm

nucleus may be farther advanced than the egg, one preparation

showing its threads very distinct and much thicker than those of the
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egg. Fig. §4 shows a two-celled embryo and the primary endosperm

nucleus in late prophase. At the three- or four-celled stage of the

embryo, the endosperm nucleus shows a spindle forming (jig. jj),

which is almost complete and is very broad; the chromosomes

(approximately thirty-three) are probably in metaphase. On the

other hand, the primary endosperm nucleus may reach the anaphaso

before the fusion of the male and female nuclei, as one of my sections

shows, the male nucleus not having left the pollen tube, and both it

and the egg nucleus with spirems forming.

rm spindle shows a wall (fig

phemeral

nucleate endosperm. The endosperm nuclei are relatively large,
r

as would be expected from the large amount of chromatin used in

their formation (figs. 57, j8), one in fig. 57 measuring 17 X 23 fi.

For this reason they are not likely to be confused with other nuclei of

the sac. The two-nucleate stage of the endosperm may be reached

at any stage of the embryo between two and twenty or more cells.

The figures for the second di\dsion of the endosperm were not seen,

but the four-nucleate stage was found in a few sacs {fig, j8). From

the appearance of these nuclei it is altogether probable that another

division may take place, for they are apparently beginning the forma-

tion of the spirem for the next di^lsion, and are large, vigorous-

looking nuclei.

While the presence of endosperm nuclei is quite common, it is not

difficult to select a series that would indicate the possibility of their

failure. An embrvo of several cells with the Drimarv endosperm

(fig

may

(fig

spirems, although there is no evidence of fusion further than the

contact. In fig. 6i one of the nuclei, probably the male nucleus,

has been delayed in reaching the other two; yet some suggestion

of the spirem is evident in all three. Fig. 62 shows a sac which is

almost filled by the embryo, and at the base are three nuclei which

are probably the constituents of the triple fusion which has not taken

place; it is barely possible that they are endosperm nuclei, but there

is no evidence of a fourth nucleus. If these are not endosperm nuclei,
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this case none will be formed, for all of them

signs of disintegration.

EMBRYO

The embr}^o is very simple. As stated above, the fertilized egg

may divide before the primary endosperm nucleus, which seems to

be the more common behavior in my material; or the primary endo-
F

sperm nucleus may divide first (figs. 51-55)' An inconspicuous

suspensor of one or two cells is formed, but no other differentiation

of regions could be made out in the younger stages {figs. 55^ 62).

The number of chromosomes in the segmentation of the egg seemed

to be twenty-two (figs. 51, 52) y and this number was counted several

times in various parts of the ovule (fig. 14).

DISCUSSION

name
resulting from the division of the megaspore mother cell. "Daughter

cells'' has been used in this paper to designate them. It has been

customary to call the cell that dcA^elops the embryo sac a megaspore,

and this is correct in all cases when the sac is organized from the

chakzal cell in the "row of three" or from one of the cells in the

"row of four.'* But if the name is applied to one of the "daughter

cells'^ there is confusion, for in this case the reduction process is not

complete.

Megaspore.—In angiosperms two types of embryo sac have been

recognized: (i) the more common type, in which the mother cell

gives rise to four megaspores, one of which develops the sac; (2) the

Lilium type, in which the mother cell, "functioning as a mega-

spore,'' forms the sac directly. In the former case, the occasional

"row of three" does not change the situation, for the functioning
I*

megaspore is derived from the mother cell by two successive divi-

sions (Coulter and Chamberlain i6).

The production of only two "megaspores" ("daughter cells")

by the mother cell has been reported for a few plants that usually

form megaspores in the normal way. Schnie\vind-Thies (40)

reports two or four in Galtonia; Guignard (25) two in Agraphis,

Ornithogalum, and Coramelina; Mottier (31) two in Arisaema

(in one instance with no wall between them, which would present the

I

I
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Lilium condition); Campbell (7) two or three in Dicffenbachia

;

and JuEL (29) two in Taraxacum. The very few cases reported

show the rarity of this condition among the angiosperms investigated.

Four of the five families represented in this enumeration, to which

the Orchidaceae are now added, are all monocotyledons; and this

fact, taken together with the still greater reduction in the Lilium

type, is in harmony with the theory that monocotyledons are a

specialized offshoot from dicotyledons, as held by Jeffrey (28),

QuEVA (37), Miss Sargant (38), and others.

However, ScHNIE^VIND-THIES (40) has shown that in Lilium the

heterotypic and homotypic divisions take place within the embryo

sac; that is, there is no permanent wall formed in either of the divi-

sions from mother cell to the four megaspore nuclei. It follows, there-

fore, that all four megaspore nuclei take part in forming such an

embryo sac. In Cypripedium, on the other hand, a wall accompanies

the first division of the mother cell, but no wall is formed in connec-

tion with the second division. In this case, therefore, two megaspore

nuclei enter into the formation of the embryo sac, instead of four as

in Lilium, or one as in most angiosperms. It is interesting to note

here that if the usual megaspore walls were formed in Lilium and in

Cypripedium, each sac would contain two nuclei—the egg and its

sister, which is the polar that usually unites with the antipodal polar

to form the primary endosperm nucleus.

Embryo sac.—An embryo sac with only four nuclei has not been

reported before, but there is just the same number of divisions between

the mother cell and the egg in this case as in Lilium. After all, the

essential feature in the history of the egg is the distribution of the

chromosomes in the reduction di\isions. It is possible that the use

of more than one megaspore in organizing the sac holds some neces-

sary relation to "double fertihzation," for in both Lilium and Cypri-

pedium, if walls appeared in the usual way so that only one megaspore

was used in forming the sac, and there were no additional di\asions

between mother cell and egg, there would be only two nuclei in the

sac, and "double fertilization," at least "triple fusion," would be

impossible.

It is interesting in this connection to compare this series with

that in the animal egg. There the primary oocyte (mother cell)
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divides and throws off a polar body, and forms the secondary oocyte.

The polar body may divide; the secondary oocyte divides, forming

another polar body and the mature egg (megaspore) (see Boveri 6

and Wilson 47)- The two divisions are of the heterotypic and

homotypic types found in plants in the formation of megaspores.

In Cypripedium, if the last division in the embryo sac were omitted,

there would be the same number of divisions in the formation of the

egg as in the animal. If the w^all w^re omitted between the daughter

nuclei at the division of the mother cell, as in LiKum, and the last

division were omitted, the sac would have four nuclei as now; and

this would be true of Lilium if the last division did not take place.

This situation was discussed by Chamberlain (il, 12) in connection

with the usual eight-nucleate sac, and also in relation to the probable

four-nucleate sac of Cypripedium.

more clear bv means

Fig. A represents the primary oocyte dividing in the usual way and

the mother-cell division in Cypripedium and in Lilium; in all cases

this is the heterotypic division. Fig. B represents the next division

if the first polar bodv fails to divide, and if the microDvlar nucleus

Cyp same sta^e as fig

but the first polar body and the micropylar cell in Cypripedium

divide; this is the homot}^ic division. Fig, D represents the division

iig. C completed, with

in all three forms. com but in Cypri-

um
fig, E. It is e\ident that in these forms there is even greater

male

mother cell be taken as the SMmm
Chamberlain

the male nucleus represents two divisions beyond the microspore

while in Cypripedium and Lilium the egg is remov
division from the megaspore nucleus.

Wall in pollen grain gram

xp

according to present homologies. It has been reported in a few

liver .^6),Naia

ampbell 8, Q), PoDulus and Lilium

*
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Successive stages

in maturation of

animal egg, and in

development of

megaspores in Cypri-

pedium and in

Lilium. A, the di-

vision of the primary

oocyte to form the

first polar body (p^)

and the secondary

oocj^e; and the di-

vision of the mother

cell in Cypripedium

and in Lilium—all

heterot}^ic divisions.

B, the division of the

secondary oocyte to

form the second

polar body (/»») and

the and the

m
egg;

second division

Cypripedium and in

Lilium, giving the

megaspores (m)—the

homotypic division

in all. C, the same

stage as the preced-

ing, but the first

polar body of the

animal and the

micropylar nucleus

of Cypripedium di-

viding. D, the egg

and the three polar

bodies {p) of the

animal, and the

megaspores {m) of

Cypripedium and of

Lilium. Ey not in

the animal series;

the di\'ision that

gives the egg in

Cypripedium and in

Lilium. ^

Animal Cypripedium Lilium

-O-^....,

B

D

E
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13, 14); Sagittaria (Schaffner 39), Convallaria (Wiegand 46),

Asclepias (Frye 21), and Hamamelis (Shoemaker 41), If the tube

cell represents the wall cells of the antheridium, this wall is a relict of

the time w^hen there was a complete separation between spermatoge-

nous and wall tissue (Coulter and Chamberlain 18). This differ-

ence was shown not only by separating walls but by reaction to stains;

and the latter difference still remains in the pollen grain after the

wall disappears.

Double fertilization.—In looking over my material it seems

strange that double fertilization was first reported less than a decade

ago, when Nawaschin (33, 34) made his announcement. In my
material double fertiUzation was observed in hundreds of instances;

in fact there would be some difficulty in finding fertilization without

some suggestion of triple fusion; it was as evident in every respect as

the fertilization of the egg. How^eveT;, it w'as stated above that in

some cases it may fail to take place; and it would not seem unlikely

that in some orchids triple fusion always occurs and in others it may
be rare or omitted altogether, as indicated by Strasburger and

Nawaschin. Nawaschin thought that in the failure of triple

f

t

t

rm
orchids, but it is evident that the little or no endosperm of this family

must be referred to other causes. It may be accurate enough for

taxonomic purposes to say "no endosperm" in the orchids, as in

a recent manual (42), but it is not an exact statement.

AND Some
tant evidence on this much-discussed question was obtained- This

condition was first reported in plants by Kruch (30), w^ho worked with

me
little attention and seems to have been entirely overlooked by later

workers. Kruch showed the sperm entering the egg and segmenting

in the upper part of the cytoplasm, while the chromatin of the egg-

nucleus segments near the center, each showing eight chromosomes,

and the nuclei were not even in contact. Blackman (2), working

with Pintis sylvestris, figured tw^o groups of chromosomes in the first

di\Tsion of the fertihzed egg and says: ''there can be little doubt that

these bodies are really the chromosomes of the two (male and female)

nuclei." In his summary he makes the Dositive statement that they
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are the chromosomes of the male and female miclei. Chamberlain

(15) in Pinus Laricio finds that "the chromatin appears as two dis-

tinct masses in the spirem stage. Perhaps segmentation of the two

spirems occurs while they are still separate/' Murrill (32), work-

ing with Tsuga canadensis, says: "The chromatin of each (sperm

and egg) nucleus collects in the form of a thick knotted thread near

the center of the separating partition, and the tw^o masses remain

distinct until the spirem band begins to segment-" Miss Ferguson

(20), using Pinus, finds "two groups distinct at time of segmentation

of spirem and can still be made out during early development of

chromosomes; but cannot be when they are being oriented on the

nuclear plate." Recently Harper and Blackman have shown

interesting features in some of the fungi that seem to be related to

this independence of chromosomes. Harper (27) has shown in

Phyllactinia that "the material of each chromosome is in permanent

connection with the central body throughout the stages of nuclear

fusion and the resting condition, as well as in mitosis," Blackman
(i) says that rusts which have the aecidial stage have two nuclei in

all cells from the aecidiospore to the teleutospore. The two nuclei

fuse in the teleutospore and from there to the formation of the aecidio-

spores the cells are um'nucleate. More recently Gregoire (23),

working wdth roots of Alhum, claims that the chromosomes do not

unite to form a continuous spirem in the telophase, but always remain

distinct bodies.

In my material, as shown above, it is quite common to fmd both

the fertihzed egg nucleus and the triple-fusion nucleus Avith distinct

(figs. 42

48, 51 > 53)' advanced

so that the threads were quite broad, before contact of the nuclei

(fis- 47)' Spirems as far along as these wdll evidently be cut into

chromosomes without fusing at all. If spirems are often formed

separately, it would seem probable that when the nuclei fuse in the

resting stage two separate spirems may still be present. Anyone

who has tried to trace a spirem will at once recognize how difficult

it would be to trace two of these long threads in the same nucleus;

and as no one expected to find two, only one was seen until two were

found distinctly separated. If there may be two spirems in the first
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division of the sporophyte, why might it not be tnie of all the mitoses

in the sporophyte generation ? This would make half of the chromo-

somes paternal and half maternal in every sporophyte cell. Thus in

the mother cell two spireras would be formed as usual, but here

they would pair and fuse more or less completely in synapsis. If

there are two phenomena in fertihzation—stimulus to growth and

the minghng of ancestral quahties— only the first would be felt in the

sporophyte. The mother cell would give the opportunity for the

second during the fusing of the pairs of threads-

The chromosomes of the fusing nuclei are often arranged in

groups, and while these may not be definite enough to be positive

evidence for distinct chromatin if taken by themselves, they are not

only very suggestive but appear as distinct as the position of the

nuclei in the spirem stage would lead one to expect (figs. ^ly 54)-

In a form in which the paternal and maternal chromosomes differ,

proof could be obtained; but even in Cypripedium, in such groups

as those shown in jigs, 51-54^ the chromosomes are evidently of

separate spirems. This seems very clear when these figures are

studied in connection with those showing the spirems {figs. 42^ 43^

44^ 47, 48, 51, 5j). The groups are just about as distinct as would

be expected, for the nuclei usually overlap slightly in the spirem

stage.

Synapsis. Cardiff

others have recently discussed synapsis and the stages leading up to

and following this condition. It seems to be clearly estabhshed that

in the forms studied by these authors there is a gradual pairing of the

first The two

threads are apparently united into a single thread by the time the

nucleus comes out of synapsis. During synapsis itself and in early

stages of the recovery from this condition some traces of the double

nature of the thread are often seen, and the heterotypic chromosome

from These stages were well shown

{figs. 2-11). Berghs sees in this a device for reducing

may
mixmer

paternal and maternal chromosomes that have remained distinct

throughout the sporophyte stage. Cardiff (10) thinks the position
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of the synaptic knot may be due to gravity. This does not seem to

be true in Cypripedium, for the knot was found at all possible posi-

tions next the nuclear membrane in serial sections of the same ovary,

and even in the same section. This was not only true for cross-sections,

but also for longitudinal sections in which, since the ovary stands

erect, gravity effects ought to be apparent. Burlingame (6a) has

reached this same conclusion in his study of Ophioglossum.

SUMMARY

um
not appearing in the second division^ even in the rare instances in

which the nuclei of both daughter cells divide. Two megaspore

nuclei are used in forming the embryo sac, the LiHum type using four,

and most angiosperms only one. The two megaspore nuclei in the

sac of Cypripedium and the four in that of Lilium may be related to

double fertihzation.

2. Cypripedium has only four nuclei in the completed embryo

sac. The LiHum type and Cypripedium have the fewest divisions

from mother cell to egg reported among angiosperms. A comparison

with the animal egg shows only one more division from the mother

cell to the egg in Lilium and in Cypripedium than in the maturation

of the animal egg.

3- So-called double fertilization is probably constant in Cypripe-

dium. The primary endosperm nucleus (triple-fusion nucleus) is

formed by the fusion of the polar, one s}'nergid, and one niale nucleus.

Endosperm of four nuclei was found and the probability of other

divisions taking place "was noted.

4- In the presynaptic nucleus there is an evident pairing of the

threads, probably of paternal and maternal origin. The gameto-

phne number of chromosomes is eleven, the sporophyte number is

twenty-two, and the endosperm number is probably thirty-three.

Distinct spirems were often found in all fusing nuclei, forming in one

instance before contact. From these examples, the possibility of

two spirems always forming in the sporophyte nucleus is suggested
;

this would secure the independence of the chromatin, and the fusing

in s}Tiapsis would permit whatever exchange and mingling of parts

there may be^
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This research was carried on under the direction of Professors

John M. Coulter and Charles J. Chamberlain.

Baylor University

Waco, Texas
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EXPLANATION OF PLATES XXW-XXVII

All figures were made with Bausch and Lomb camera lucida; figs, ji and

46 with Leitz no. 2 ocular and no. 7 objective; figs. 61 and 62 with no. 4 ocular

and no. 7 objective; all others with Leitz no. 4 ocular and B. and L. tV objective;

details were filled in with a Zeiss apochromatic ocular and 2^^ objective-

The abbreviations used are as follows: c, chalazal daughter cell and nucleus;

e, egg; em, embryo; end^ endosperm; g^ generative nucleus; gc^ generative

cell; w, micropylar daughter cell and nucleus; megy megaspore nucleus; p,

polar nucleus; pe, primary endosperm nucleus; s, synergid; /, tube nucleus;

6y male nucleus.

PLATE XXIV

Fig. I. C spectahile. Ovule with mother cell in synapsis.

Fig. 2. C. parvifloriim. Mother cell with well-organized spirem showing

distinct chromomeres.

Fig. 3, C, spedabile. Nucleus of mother cell, with a few threads showing

beginning of pairing.

Fig. 4. C, candidunt. Pairing of threads very evident throughout the nucleus,

but only a few threads shown.

Fig. 5. C- spcctabile. Synaptic knot forming; pairing of threads evident.

FiG^, 6. C. parviflorum. Synaptic knot further advanced; threads in pairs

and seemingly attached in places to nuclear membrane.
Fig. 7. C. pubescens. Synaptic knot complete.

Fig. 8. C. spedabile. Recovery from sjTiapsis; lines of cytoplasm suggest

multipolar spindle.

Fig. 9. Same. Shortening of thread; double nature evident at cut ends;

lines of cytoplasm probably related to spindle formation.

Fig. 10. C. pubescens. Chromosomes formed.
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sporo

Fig. II. Same. 0\aile with mother cell in late prophase or m metaphase;

origin of spindle indicated by Imes of cjtoplasm.

Fig. 12. Same. Eleven chromosomes.

Fig. 13. C. spedabilis. Eleven chromosomes.

Fig. 14. Same, ^^''aIl cell of o^oile showing twenty-two chromosomes

phyte niunber).

Fig. 15. C. puhescens. Typical spindle of mother cell.

Fig. 16. C. spectabile. Daughter cells formed by division of mother cell.

Fig, 17. C. pubescens, DaughterceUs; with chalazal nucleus farther advanced

than the micropylar.

. Fig. 18. C spedabile. Suggestion of bipolar spindle.

Fig. 19. Same. Metaphase of second division, longitudinal splitting of

chromosomes.

Fig. 20, Same. Telophase of chalazal daughter cell; no indication of wall.

Fig. 21. C. parvifloncm. Division of chalazal daughter cell complete;

remains of spindle, but no evidence of wall.

Fig. 22. C spedabile, Micropylar daughter nucleus developing and the

chalazal one disintesratins.
o'^ "•'"&

Fig. 23. C. parvifloriun. Division shown in fig. 21 completed; the sac

slightly enlarged and containing two megaspore nuclei.

Fig. 24. C spedabile. Early spirem for the division of the megaspore

nuclei; micropylar daughter cell still recognizable.

Fig. 25, Same. Spindles for division of megaspore nuclei; micropylar

persists

Same

PLATE XXV

Fig. 27. Same. Four-nucleate sac, the nuclei differing in size.

Fig. 28. Same. Nucleus at antipodal end of sac in late prophase; the other

in late telophase.

Fig. 29. C. parviflorum. Embr>'o sac ready for fertilization, showing egg

apparatus and "polar" nucleus (near center).

Fig. 30. Same. Another view of sac, showing polar nucleus near antipodal

end.

Fig. 31. Same. Two mother cells.

Fig. ^2. C. spedabile. Spindle of mother cell at right angles to its usual
* . •

position.

Ftg.
;i^. Same. Four megaspore nuclei of equal size; no walls at second

division.

Fig. 34. C. parviflorum. Four megaspore nuclei, as shown in fig. 33, but

the inner pair the larger.

Fig. 35. C. spedabile. Four megaspore nuclei; traces of spindle showing,

but no trace of wall.

i
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Fig. 36. Same. Pollen grain; 'early spirem for division to tube and genera-

tive nuclei.

Fig. 37. Same. Later stage; "cap'' showing orientation of spindle.

Fig. 38. Same. Pollen grain showing eleven chromosomes.

Fig. 39. Same. Telophase; wall forming.

Fig. 40. Same. Wall completed; a chromosome omitted in the organiza-

tion of one of the nuclei.

Fig. 41. Same. Pollen grain developing tube.

Fig. 42. C parviflorum. Pollen tube within the embryo sac.

Fig. 43. C. spectabile. About same stage as fig. 42.

Fig. 44. Same. Earlier stage; tube within sac and one synergid below it-

FLATE XXVI

Iflorum. Double fertilization.

Fig. 46. Same. Ovule with tube just entering, having passed from ovary

wall to micropyle.

Fig. 47. Same. Spirems formed in all the fusing nuclei before contact.

Fig. 48. Same. Spirems of male and female nuclei farther advanced than

of the nuclei to engage in the triple fusion.

Fig. 49. Same. Pollen tube entering sac; male nuclei elongated and curved.

Fig. 50. C. spectahile. Pollen tube unusually broad; one male nucleus some

distance behind the other.

Fig. 51. C. parviflorum. Segmentation of egg; two groups of chromosomes.

Fig. 52. C. spectahile. Segmentation of egg; two groups of chromosomes.

Fig. 53. C. parviflorum. Male nucleus and egg just in contact; late prophase

of primary endosperm nucleuSj which shows thirty-three (approximately) chromo-

somes in three groups.

Fig. 54. Same. Two-celled embryo; primary endosperm nucleus in late

prophase and showing three groups of chromosomes.

PLATE XXVII

three- or four-celled embryo.

forming for division of primary endosperm

forming.

Same. Telophase of division of primary endosperm

Fig. 57. Same. Endosperm of two nuclei and a two-celled embryo.

Fig. 58. Same. Endosperm of four nuclei.

Fig. 59. Same. Embryo well advanced; triple-fusion nucleus still distinct

but in the resting stage.

Fig. 60. Same. Older embryo; triple-fusion nucleus in spirem stage.

Sam
in contact.

Same. Much
no evidence of division.
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GERMINATION OF SEEDS OF WATER PLANTS

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 104

William Crocker

Various botanists have noticed peculiarities in the germination of

the seeds of water plants. Muller'' found that the seeds of Eich-

hornia and Heteranthera do not germinate without first being desic-

cated, and LuDWiG^ demonstrated this for the seeds of Mayaca
fluviatilis. In commenting upon this Peeffer says:^ ^'Nor is it

certain whether Braun and Muller are correct in assuming that

previous drying is essential for the further development of Chlamy-

domonas or for the germination of the seeds mentioned." Dr.

Land, of this laboratory, informed me in the autumn of 1906 that he

had made various attempts to secure seedlings of Sagittaria and

Alisma for class use, but had always failed except in one trial with

^agittaria. In that case a number of seeds grew after being left for

a long period on wet soil in a hot greenhouse. At that time I began

looking into the cause for the failure to germinate and had arrived at

the main conclusion of this paper when an article by Fischer'^

appeared on the subject.

The main points of Fischer's paper may be stated briefly: The
seeds of Alisma Planiago, Potamogeton lucens, P. pectinaitis, Hip-

piirus vulgarisy Polygonum amphibium, Scirpus lacustrls, 5. maritimus,

Sagittaria platyphylla, S. sagittifolia, and Sparganium ramosum may be

kept for years in water that is free from fermentation without germi-

nating. If fermentation is set up in the water, germination soon

begins. Germination can also be brought about, especially in

Sagittaria, by subjecting the seeds to the action of bases and acids.

Fischer holds that the H"^ or OH" ions act as stimulants on the

I See Ltjdwig's article below.

Keimfahigkeit

einiger Wasserpflanzen. Biol. Centralbl. 6:299, 300. 1886.

3 Pfeffer, W., Physiology of plants (Eng. ed.) 2:210. 1903.

4 Fischer, Alfred, Wassertoff- unci Hydroxylionen als Keimungsreize, Ber.

Deutsch. Bot. Gesells. 15:108-122. 1907,
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asm of the embryo, arousing it to growth. He holds

that the action is not on the coats, and adduces as evidence the facts

that the seed coats are permeable to both water and compounds dis-

solved in it, and that a disorganization of the coats is brought about

only by long exposure to such agents as concentrated H2SO4. He

believes that the weak acids and bases used as stimuli could have

no effect on the coats, and that in nature the germination is brought

about by acid, formed in the decay of organic matter in ponds, which

acts upon the dormant protoplasm.

I find that Fischer is entirely wrong in assuming, first, that the

protoplasm of these seeds is in a dormant stage; and, second, that

a chemical stimulus is necessary to bring aT)out germination. Like-

wise MxJLLER is wrong in assuming desiccation to be necessary for

the germination of the seeds of Eichhornia. I find that the embryos

of all seeds of w^atcr plants I have tested begin germination very

readily when the ordinary conditions for germination are furnished

them, and especially the one condition of sufficient water supply.

In an article already published,^ I have shown that cases of delayed

germination or entire failure to germinate are generally related to the

character of structures inclosing the embryo and not to dormancy of

its protoplasm- In the paper cited I mention certain species of Iris

that germinate only when the cap covering the embryo is removed,

although the structures are permeable to w^ater and the embryo

imbibes water until it entirely fills the cavity it occupies. The water

thus admitted is not sufficient to start growth, and the embryo lies

in this semi-saturated condition. It is onlv when the limits to water

absorption are removed that growth begins. Exactly the same thing

occurs with the seeds mentioned bv Muller and Fischer. Before

discussing this point farther some facts about the ripening and har-

-nentioned in the table below must be stated.

The seeds of Alisma, Sagittaria, and Typha all ripen above water,

while those of Eichhornia and Potamogeton ripen under water, as do

the seeds of m^ny other water plants. The ripening under w^ater is

brought about by the flower stalks responding positively to gravity

soon after fertihzation. A large number of Jlichhornia seed stalks

5 Crocker, Wm., R61e of seed coats in delayed germination. BoT, Gazette

42:265-291, 1906-
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were gathered on October i, while yet grcen^ from one of the lagoons

of Washington Park. Some of the green seeds were removed from

the capsules and placed in distilled water, which was changed twice a

day and kept at 23^0. Within a week twenty per cent, had gcr-

minated. A portion of the seed stalks were placed in distilled

water repeatedly changed and kept at 2
3*^0

. Many of these seeds

germinated while yet green and in the capsules. Still other seed

stalks were kept in distilled water in an ice-chest at 6^C. None of

these seeds germinated, but after three weeks many had ripened, as

indicated by the hard brown coats. When the seeds with mature

coats were kept at either 23^ or 29° none germinated. Likewise

seeds of Poiamogeton natans and P.^ectinaHis, when gathered green

and put into distilled water at 23*^ C. which was repeatedly changed,

gave a considerable percentage of germination, while seeds allowed

to ripen in the cold water of the ponds and then kept at 23° or 29°

germinate

Ifth germination

of these seeds are to be determined, the embryos must be freed from

any possible effect of the coats by carefully rupturing them ^Adthout
m

injuring the embryos. An experiment, the results of which are

embodied in the accompanying table, shows conclusively the effect

of the coats on germination, as well as the true condition of the

embryos as to dormancy. Ripe seeds were used in this experiment-

To guard against any possibility of acid formation by fermentation,

the seeds of Potamogeton were entirely freed from the fleshy material

surrounding the hard seed coat, all were sterilized in five per cent.

mmu
distilled water. The coats of one-half the seeds of each species were

with
F

naturally emerge from the coats. This is a very tedious process,

because the seeds are so small (especially those of Sagittaria, Typha,

and Alisma), and because great care must be taken not to injure the

.4 erabr^'os. After this treatment the seeds were put into sterilized

distilled During the first two

darkness

Within an hour after the coats were broken the cotyledons projected

account In one
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day germination was well started, as shown by the length of the

cotyledons and their response to gravity. In two days the growth
+

was very marked.

It might be urged that breaking the coats leads to increased oxygen
w

supply and for that reason brings about germination. This is not at

all probable for two reasons: hrst, increased oxygen pressures never

bring about germination when the coats are intact; and second,

these seeds require very little oxygen for germination. If the coats

are ruptured, they will germinate if placed in water that has been

previously boiled and covered with liquid paraffin. That the coats

hinder germination by limiting the water supply is made evident

by the fact that the cotyledon begins to project beyond the coat very

soon after the latter is ruptured. In this experiment it seems impos-

sible to justify the assumption that the protoplasm is in a dormant

state or that the appHcation of any external ions are necessary to

start germination.

It is of interest to determine what structures surrounding the

embr}^os limit the water absorption. In Sagittaria and Alisma there

is an outer husklike exocarp and an inner hard endocarp. The

removal of the exocarp did not increase the per cent, of germination,

provided the endocarp was not injured in its removal. In Eich-

hornia the embryo is surrounded by a rather thick endosperm which

is covered by a hard, fluted, brown seed coat. If the coat is broken

at the side, it leads to a rather slow germination of over 50 per cent,

of the seeds. If the coats are ruptured where the cotyledons naturally

00

germinate with remarkable promptness. This leads one to conclude

that the hard coat chiefly Umits water absorption, but that the endo-

sperm too retards it. In the Potamogetons it is the hard stony coat

that limits water absorption.

Alisma are nm
set rather close, and are then placed in water, a large per cent, wnll

grow marked
the embryos. These seeds will also germinate after considerable

time if planted in rich humus that is decaying by reason of abundant

moisture and high temperature.

In the light of the work of Muller and Fischer two questions

(?
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Species
Condition

OF
Coats

Alisma Plantago

After i Day After 3 Days ArrEit 10 Days

Per cent.

of
germ.

Eichhornia

Polygonum amphibium..

Potamogeton natans*. .

.

Potamogeton pectinatus*

Sagittaria variabilis

Typha latifolia

Entire

Ruptured
Entire

Ruptured
Entire

Ruptured
Entire

Rupturfed
Entire

Ruptured
Entire

Ruptured
Entire

Ruptured

o
86
o

o
81
o

42
o

47
o

92
o

85

Length
of

plantlets

in mm.

Percent
of

germ.

Length
of

plantlets

in mm.

Percent.
of

germ.

2-4

2-3

3-5

2-4

2-4

o
86
o
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o
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o
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o

53
o

92
o
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3-7

4-7

4-7

5-8

4-7

4-7

4-8

Size of
plantlets

o

98
o

98
o

85
o

SI
o

S3
o

92
o

89

2 leaves

2 leaves

20-25"^"^

I2_j5mm

2 leaves

2 leaves

I I I
.

* The low percentage of germination here is due to many of the seeds having no embrj'os.

demand answer. How does a period of desiccation bring about the

germination of the seeds of Eichhornia as shoAvn by ]\Iuller^ or of
r

Potamogeton as shown bv Fischer? What was the role of the

bases and acids in Fischer's experiments? My experiments

indicate that drying followed by soaking causes a considerable

per cent, of the coats of Eichhornia to crack along the flutings, while

it causes the rupture of the coats of Potamogeton along two creases

that He at the convex side of the embrv^o. Just how the bases and

acids work has not vet been determined. Fischer

assuming that they arouse the dormant protoplasm is evident, for I

have shown that the embryos respond to ordinary germinative con-

ditions almost, if not quite, as readily as any embr\^os to be found.

The action that causes the germination must evidently be upon the

That H"^ and OH" ions,

as well as many others, may increase somewhat the rate of growth

of the naturally rapid-growing embryos, is not at all improbable.

The fact that the coats showed no visible change when treated with

acids and bases does not indicate that the coats were not radically

changed. I have found that the impermeable coats of many of the

structures surrounding the embryos.

made
nucroscopeabsolute alcohol, and yet no chai

appears. Experiments are being conducted now to determine the

f

A.
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exact effect of acids and bases upon the seed coats and embryos of

these seeds, as well as to determine in detail various other points

connected v^ith this problem.

I wish to emphasize again, as I have done already in the paper

citedj the fact that delayed germination or failure to germinate is

more generally due to seed-coat effects (limiting or entirely excluding

water or oxygen supply) tKan to embryo characters, as has generally

been assumed. On the other hand, in the same paper, I have shown

that the failure of the seeds of hawthorns to grow under ordinary

germinative conditions is due to embryo characters, and I have further

stated that other seeds probably belong to this category. If seed

coats play such an important part in failure to germinate, it is probable

that spore coats act similarly in many cases. This hypothesis is now
being tested.

The University of CmcAGo

^i

1

'H

4
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NOTES ON TWO CALIFORNIA NEMOPHILAS
^^Nemophila Menziesii var. annulata, var. nov.—Plants slender, pros-

trate, very brittle: cotyledons with oval blade and slender petiole: leaves

rather less divided than in N, Menziesii^ mostly 5-lobed, the upper greatly

reduced but showing less tendency to become entire than in the variety

integrijolia Parish : peduncles usually twice or more exceeding the leaves,

often flexuous; flowers usually about or rather less than i*^^ across; calyx-

lobes obtuse; corolla pale blue to almost white, with a deep-purple irregular

ring above the scales, seldom dotted or hairy toward the center within;

scales from 0.2 to i^^ long, attached by one whole side or free at the tip

(seldom as much as half free), ciliate with stiff bristles, which are often as

long or longer than the scale is wide.
*j

This variety is distinguished from the type by the greatly reduced size,

lighter color, and peculiar markings of the corolla; the fewer-lobed, smaller

leaves; the oval cotyledons ; and the more delicate habit. From the variety

integrijolia it is distinguished by the smaller size and the markings of the

corolla ; the lack of hairs within the corolla ; the somewhat longer peduncles

;

the rather more divided leaves; and especially bv the corolla scales (cf.

note to N. Menziesii integrijolia^ Box. Gazette 34:205, 1902),

This is the first Nemophila reported from the desert regions of Cali-

fornia, It was found among rocks at Dead Man^s Point, near Victornlle,

on the Mojave desert. The type collection is Hall and Chandler, no. 6769,

and the type specimens are in the herbarium of the University of California.

Nemophila Menziesii var. rotata (Eastw.), comb, nov,—Very close to

the variety integrijolia Parish, with which I united it in my Revision of the

Genus Nemophila (BoT. Gazette 34:194). The examination of more

abundant material seems to justify the retention of the form as a separate

variety. It differs from the variety integrijolia chiefly in the smaller flowers

(usually less than I
cm across), which are usually of much deeper blue and

nearly or quite rotate. The sinuses of the corolla are comparatively deep

and the lobes comparatively narrow. The scales are oblong-linear, deeply

laciniate, and attached by the narrow base only. So far as seen, the corollas

were not dotted toward the center, but were covered with long hairs at the

base within.

The range of this variety seems to be restricted to the vicinity of San

California

%
Botanical Gazette, vol. 44] [381
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Miss Eastwood in connection with the original description being probably

N. pedunadata Dougl. This opinion was ventured in my revision, though

at the time that was written the Lower California locality seemed to be far

beyond the known range of N, pedtinciilata^ which had not been found

south of the Santa Inez Mts, Since then, however, I have found the species

at Witch Creek, San Diego County, so that it may easily range into Lower

California.

—

Hai^ley P. Chandler.

BRANCHING SPORANGIOPHORES OF RHIZOPUS

(with one figure)

Current texts agree in stating that the sporangiophore of R, nigricans

bears a single sporangium

ample, Swingle states that

For ex-

^'each

sporangiophore bears a single spherical

sporangium ?? In a recent culture on

Fig. I.—Branching sporangio-

phores of Rhizopus.

bread, some two weeks old, two anom-

alous conditions were obsen^ed {fig. i).

In one case, by two successive branch-

ings, one sporangiophore bore three

normal sporangia. In the other case,

by a single dichotomous branching, two

sporangia were developed.

—

LeRoy H.

Harvey, Yankton College^ Yankton^

S.D.

AN UNUSUAL METHOD OF VEGETATIVE REPRODUCTION IN

DIONAEA MUSCIPULA
(with one figure)

In

inflorescence of Dionaea.^ Two years ago I found an exactly similar kind

number

greenhouse In the axils

of the bracts were found short vegetative branches, each with a number

surface

raps (Jig. j), which closed when any of the six haurs on their

were touched twice in succession. The response, however,

was of the most sluggish character. The plants, when full grown, were

rather crowded together by the arrangement of the pots, and whether this
-I

J Bureau PL Industry Bull. 37. 1903. p. 15.

3 Harshberger, Tohn W.. An abnormal

Dionaea. Bot. Lab
of the inflorescence of

1892.

*

t

i
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crowding induced the formation of the upper leafy branches I am unable

to state. In the paper above mentioned^ I suggested that *'it might have

been possible to have grown

new individuals from the axil-

lary vegetative branches, but

the suggestion of this idea came

after the plant had been killed

and preserved in alcohol.''

As a considerable abundance

of material was provided by

the abnormal growths pro-

duced two years ago, I cut off

a number of the short leafy

inflorescence branches and

placed them in a sand bed

used for the propagation of

cuttings and covered with a

door- In ten

days or tw^o weeks after these

interesting branches had been

placed in the sand, they had

developed, some one, others

as many as four or five

secondary roots, that had

hinged glass

reached a length of one or

two inches, when the plants

were removed and placed in

alcohol. The new plants, thus

obtained by vegetative propa-

gation, grew rapidly in the

size of their leaves and were

perfectly healthy and normal

in structure. Thus, I verified

the supposition made thirteen

years ago that Dionaea can

reproduce . itself vegetatively

by means of leafy branches

proliferated in place of the

inflorescence branches,

—

^John

W, Harshberger, University

of Pennsylvania.

^'

Fig. I.—Dionaea muscipula



CURRENT LITERATURE
BOOK REVIEWS

Handbook of trees

Many attempts have been made to bring into popular form such descriptions

of our trees as would enable the amateur to recognize the various species at differ-

ent seasons. It has remained for Mr. Roaieyn B. Hough to produce a book that

adequately accomplishes this laudable purpose.^ But it does much more; it

brings to the forester, lumberman, cultivator, and botanist ahke such a compact

and comprehensive portrayal of the trees of the northern states and Canada as

has never before been at his service.

As publisher of the well-known American woods, Mr. Hough has been much

in the field and has thus had opportunity to make the notable collection of photo-

graphs which make this Handbook unique. He has not been satisfied with

photographs of less than the highest quality. His pictures of leaves and fruits

stand out, without distracting shadows, on a background ruled in i-inch squares,

showing at a glance the relative size, whether the original print is much or little

reduced in making the fine half-tones for the book.

Each of the 208 species is illustrated by a full-page plate showing a branchlet

with leaves and fruits, the latter usually dissected to show the seeds, and a twig

in winter condition; a cut about 2X5 inches, showing a medium-sized trunk,

with the normal appearance of the bark; 'and a small map of the United States

and British America showing by shading the distribution of the species. In

many cases there is in addition a cut about 2 inches square, showing a thin trans-

verse section, magnified 15 diameters, which would often enable one to identify

a doubtful piece of wood, ' These figures, admirably engraved and printed, are

set on t\vo facing pages, and in the small remaining space there is a letter-press

description of the species, both diagnostic and general. At the end there are

analytic keys and a glossary.

We cannot think of an item which would contribute to greater completeness.

Ever)'thing that has been attempted seems to have been well planned and well

executed. The basis of nomenclature is not stated; but synonyms in "recent

works" are given. Of course much depends upon the accuracy of Mr. Hough's

identifications, but his long experience and the cooperation of other dendrologists

ought to insure that. The book may be commended as indispensable for public

and school libraries, for all students of trees, and for botanical laboratories.

Considering the labor it represents and the wealth of illustration, the price is
J

reasonable.—C, R. B.

I Hough, R. B., Handbook of the trees of the northern states and Canada east

of the Rocky Mountains, Photo-descriptive. 8vo. pp. x+ 470. figs. 4qS. Lowville,

N. Y. : The Author. $8 . 00.

384

V

\



1907] CURRENT LITERATURE 3S5

Pavia memoirs

The tenth volume of theA tti of the botanical institute of the University of Pavia'

precedes in publication the ninth, because the plates of an incomplete research are

already printed and numbered for the ninth volume. Volume X, containing work
dating from 1904 to 1907, opens with a portrait of Federico Delpino, a bibliog-

raphy, and a brief dedication of the volume to him by his friend, the director,

Dr. Gio\'ANNi Briosi.

There are several papers on plant diseases. First is an elaborate ,and well-

illustrated account by Briosi and Farneti of the white rust of the lemon, a

serious disease in Sicily, due to some of the developmental forms of Rhynchodiplodia

Citrij such as Pseiidofumago Citri, Cladosporium Citric Hormodendron Citrij etc.

TuRcoNi describes a new fungus from ^lexico, Phyllachora mexicanay parasitic on

Adolphia injesta ?vleissn., the chaquirilla. Farneti and Pollaccx describe a new
mode of dispersal of phylloxera by hibernating larvae, inclosed in galls of peculiar

form, Farneti has a paper on a disease of rice, known in lisi\yQ,shriisone and by

a great variety of other names, which he ascribes to a single rather polymorphic

fungus, Piricidaria Oryzae Briosi & Cavara. It occurs also in Japan. It is

transmitted by infected seeds and straw, and spores are distributed by wind and

water. The parasite infests Panicum and Leersia also. Briosi details his rather

hurried observations on the government nurseries of vines in Sicily, in which the

disease roncet has appeared among the American stock destined to replace the

vines destroyed by phylloxera. The disease is not threatening, but he recom-

mends precautions. Besides these there are various short notes on fungus diseases.

There are several microchemical papers; one by Cazzxsi is a critique of

GoRis' work on esculin; another by Pollacci suggests a better mode of testing

for phosphorus in plant tissues. Pollacci also reviews the history of the dis-

covery of formaldehyde in plants and files his caveat as first discoverer in July 1899,

In physiology there are three papers. One is a short note by Monteilirtixi,

bringing evidence against Jost's theory that the development of the leaf traces is

due to stimulus from the growing organ above, A paper by the same author

gives a resume of the preA'ious work upon the formation of proteids and reports

the first results he obtained in a study of the effects of light on the process, which

indicate that it is favorable thereto. Pollacci, confirming his earlier conclusions,

reports that plants emit hydrogen in light; but he also finds that they give it off in

darkness, and that certainly cannot be related to photos}Tithesis. Nevertheless

he maintains the reduction of H2CO3 by H/ into HCOH +HOH+ O.

The morphological papers include two brief notes by Montemartixi, one

on the origin of anomalous pitchers from the leaves of Saxijraga crassijolia;

the other on a biological adaptation of the leaves of Buxus sempervirens, wherein

he finds a mass of ice formed on freezing days between the lower epidermis and

^Atti dell' Istituto Botanico dell' Universita di Pavia. Redatti da Giovanni

Briosi. II Serie, Volume X. Imp. Svo. pp. xxiv+ 361. I portraiL pis, 28 (20

colored). Milano: Tipo-Lit. Rebeschini di Turati E. C. 1907.
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the mesophyll, which, he says, protects the leaf from further harm by cold and

serves by retaining the water (ceded later to the stems) to facilitate the develop-

ment of buds in spring I

The most voluminous morphological paper is one by Buscalioni and Tra-

VERSO on the morphological evolution of the flower in relation to the chromatic evo-

lution of the perianth. They seek to show that the evolution of floral coloration

is neither due merely to insect relations nor is it monophyletic. At least two

lines are recognized, one characterized by the dominance of the xanthic series, the

other by the cyanic. ^'Internal causes" primarily, then insect visits and ''other

factors," have been the agents in modifying the first flowers, which they assume

/

^

to have been anemophilous—an assumption that needs defense. Of course "m-

herent causes" is simply a confession of defeat. Henslow's theory (1893)

came to their attention only after part of the work was printed; his book on The

origin 0} floral structures is critically discussed in an appendix, and his theory

mildly approved.

The volume closes with ofiicial reports of the work of the Royal Cryptogamic

Laboratory of the Institute in 1904 and 1905. They show that it is doing good

service for the country and the various researches indicate the acti\dty and energy

of the staff.—C. R. B.
4

Progress of botany

In the second part of the first volume of this admirable series, Czapek gives

a resume of the progress of our knowledge of the nutrition of plants since the

publication of the first volume of PrErFER's Physiologic^ By his interpretation

Erndhrungsphysiologie covers even more than our blanket-word metabolism;

for he discusses the mechanics of 'all the exchanges of material between the

plant and the outer world, and the movement of water and foods within it, as

well as the synthesis of foods, their assimilation, the non-plastic products, the

ash constituents, enz}Tnes and cytotoxins, respiration, and fermentation.

To do this within 1x4 pages would not be possible, were it not that the author

can refer in many places to the summary already prepared in his Biochemie der

Pfianzen, It must be remembered that a reporter sees things from a particular

angle, and while we cannot ahvays approve the point of view occupied by this

author in sur\^eying the field of research, we do recognize his synopsis as com-

prehensive and complete. It is especially useful in its mclusion of investiga-

tions carried on in eastern and southeastern Europe, that unfortunately are too

often overlooked by the more western peoples, either through carelessness or

unfamiliarity with the Slavic languages.

So much is included in Czapek's summary that would hardly be expected

even from the topics named, that it behooves every physiologist to read this

paper and have it at hand for reference.—C. R. B.

3 CzAPEK, Friedrich, Die Ernahrungsphysiologie der Pflanzen seit 1896.

Progressus Rei Botanicae (ed. J. P. Lotsy) 1:417-532. Leipzig: Gustav Fischer-

1907. Per volume, M 18.

k
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MINOR NOTICES
Gulf biologic station.—^This station was established in 1903 by the state of

Louisiana at the mouth of the Cameron River. The region is about at sea-level

and practically treeless, the station itself being on a ridge running parallel to

the sea and traversing a salt marsh. The plants of this very interesting locality

have been published in a catalogue prepared by R. S. Cocks.^ In addition to

the list of species of the immediate vicinity, there are notes on certain species

of the prairie region of southwestern Louisiana.—J. M. C.

Das Pflanzenreich.5

liminary

OTlaceae by O. E. Schitlz

geographical distribution, tie,, the sjTiopsis of the family is presented. Besides

the monotypic genus Aneulophus, the family contains only the large genus Ery-

throxylum, which is credited with 193 species, 41 of which are described as new.

The author breaks up the genus into 19 sections, to each of which a name is

given.—J, M, C,

Key to trees and shrubs.

—

Coulter and Dorkee'^ have published a con-

venient untechnical key to the genera of trees and shrubs of Indiana and the

neighboring states, based chiefly upon leaf characters. A previous edition, now
exhausted, was restricted to the forest trees, but the value of the present edition

is much increased by including the shrubs.—J. M. C.

NOTES FOR STUDENTS
Mendelian inheritance.

—

Davenport^ in a lecture before the Washington

Academy of Sciences discussed Mendelian inheritance in the light of his studies

on poultry. After saying that '^expectation has been so often realized that

Mendel's law ha5 gained deserved fame as the most important law of inheritance

yet enunciated," he proceeds to give a few non-conformable cases, and concludes

that there must be some more mclusive law. This he calls the "law of potency,"

the gist of which may be given in his own words thus:"Between the two extremes

of equipotency and allelopotency lies the great mass of heritable characteristics

which when opposed in heredity exhibit varying degrees of potency," It is not

clear why this should be called a law; it seems rather to be a denial that any

law exists. Some cases similar to those cited have been found to conform with

-» Cocks, R. S., The flora of the Gulf biologic station. Baton Rouge: La. State

Board of Agric. and Immigration, Bulletin 7. pp. 42- 1907.

s Engler, a. Das Pflanzenreich. Heft 29, Erythrox}'Iaceae von O. E. ScmjLZ-

pp- 176. figs, j2 (297). Leipzig: Wilhehn Engehnann. 1907. If 8.80.

^ CoxJLTER, Stanley, and Dorner, Herman B., A key to the genera of the

native forest trees and shrubs of Indiana, pp. 24. Lafayette: The Authors. 1907. 20

cents.

7 Davenport
9:179-188. 1907.

Proc. Wash. Acad. Sci.
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Mendelian expectation upon keener analysis of the characteristics involved, and

it seems early for the formulation of a law to accommodate exceptional cases until

hypotheses are exhausted for making them conform to laws now so fully demon-

strated as those of ^Mendel. There is no necessity for the assumption that there

is an all-inckisive law of heredity, and it seems probable that there may be a

number of more or less independent laws of greater or less inclusiveness which

separately or conjointly may explain each single instance of inheritance. Some

evidence exists that "variable potency" may represent a fact, but so far as the

evidence goes, this fact is of much smaller significance than the segregation of

pure gametes. Indeed it is conceivable that variations in potency may be due

to several or many different causes, and that it does not represent a sufficiently

unified series of phenomena to warrant its designation as a law.

Cook:^ in discussing Davenport's lecture attempts to classify various methods

of descent, and limits "Mendelism" to cases of complete dominance, quite

ignoring the feature of Mendelism now everywhere recognized as the most impor-

tant, namely, the segregation of pure gametes. In the literature of Mendelism

valid explanations of phenomena have been given belonging to most of Cook's .

categories, and it seems not unlikely that Mendelian explanation will be found

sooner or later for the greater part of the phenomena which Cook classes under

polar inheritance. The classification as well as the whole paper is academic

and represents thinkable conditions rather than actual ones. He attributes

polar inheritance, except in the case of dimorphic and polymorphic species, to

narrow breeding, but this assumption is as yet unsupported by experimental

evidence. The paper is full of misconceptions and misstatements, the reckless-

ness of which is in places startling and amusing. "Elementary species" (p. 206)

are wrongly defined as the different kinds or castes of dimorphic or polymorphic

species, and "heterozygote" (p, 211) is incorrectly limited to those heterozygotes

which display novelties, i. e., characters not found in the parents. The tend-

encies of the author to construct a peculiar terminology to represent his thought t

rather than follow accepted usage is shown in the use of "conjugate" with the

same meaning as the word "zygote," now universally adopted by experimenters

in this field. Failing to grasp the possibility that any character may be made

up of two or more factors, he is led to the startling conclusion (p. 220) that it

is possible for germ cells to transmit characters for many generations without

bringing or tending to bring them into expression, and that the Mendelian "laws

of disjunction," "purity of gametes," "alternative inheritance," or whatever they

may be called, become at once superfluous and inadequate.

His statements regarding mutations are all academic and mostly without

any experimental support. Thus, he says (p. 199), "If the narrow breeding be

carried on with persistence, mutative reactions toward greater diversity will

appear, and these sudden deviations from an established heredity are even more

I

(

8 Cook, O. F., Mendelism and other methods of descent. Proc. Wash. Acad.

Sci. 9:189-240. 1907.
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different than were the normally diverse individuals of the original species."

Again (p. 220), "Mutative variations commonly obey Mendel^s laws." But
none of the fully demonstrated mutations now known strictly obev Mendel's

reverse

good cause, namely, that the Mendelian inheritance of a character indicates its

origin by mutation. On p. 221 he says, ''The general rule must be that new
variant gametes conjugate with gametes of the unmutated parental type, and

thus have from the first the reproductive status of Mendelian crosses." This is

a good suggestion and should be kept in mind by students of evolution, as should

also his discussion of the relation betw^een the origin of characters and their effect

in the modification of species; but the Oenothera mutants, the best known of

first

Mendelian

time of its first appearance.

It is difficult to understand why Cook should say, "Mutation is not a period

but a condition/' since no one ever said or intimated that it is a period. It is

neither a period nor a condition, but an act or the result of that act. He says,

"Species have more essential evolutionary differences than mutations, though

mutations are at the same time more definitely different." Yet the Oenothera

mutants are recognized by excellent taxonomists as differing from each other

both as to quality and degree, just as wild species differ. ' Other statements

regarding the Oenotheras are not in agreement wath published facts, as for

instance his statement that O. LamarcUana is dominant over O. lata to the

extent of 85 per cent.

—

George H. Shull.

The origin of angiosperms. proposed

of the origin of the angiosperms, based on the recent development of knowledge

forms Contrary

to the Engler scheme, they do not regard such apetalous groups as the Piperales,

the Amentiferae. and the Pandanales as representing primitive angiosperms,

but rather as reduction forms from those possessing a perianth. The primitive

typical angiospermous floral structure is claimed to have been an "amphispo-

rangiate" (substituted for the commonly used terms "bisporangiate" or "ambi-

sporangiate," as the proper antithesis of "monosporangiate") strobilus, in which

the megasporophylls are above the microsporophylls and there is a well-marked

perianth. Such a strobilus the authors call an "anthostrobilus," restricting

"flower" ("eu-anthostrobilus") to angiosperms, A "pro-anthostrobilus" is an

form

microspore

form. This implies the exist ^- ^

with a strobilus like that of the Bennettitales, and to this hypoth

angiosperms

Parkin, Tohn, On the origin of angiosperms

London
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authors give the name "Hemiangiospermeae." To this hypothetical group the

Bennettitales are related, but are specialized in their own way.

The living angiosperms most nearly related to the "Hemiangiospermeae"

are the Ranales, especially the Magnoliaceae, whose probable primitive position

has begun to force itself upon the attention of morphologists ever since Wieland's

studies of Bennettitales; and from this same Ranales plexus the monocotyledons

probably diverged. The monophyletic origin of angiosperms is maintained, but

to the reviewer it seems altogether probable that while a simple strobilus, like

that of Bennettitales, resulted in such a flower as that of the Ranales, a compound

strobilus, like that of the Gnetales, may have resulted in such an inflorescence as

an ament.
4

An inevitable suggestion is that the pteridosperms developed in the Mesozoic

by two distinct methods: (i) by sporophylls aggregated into monosporangiate

strobili leading to the modern cycads; (2) by both kinds of sporophylls massed

into one amphisporangiate strobilus, as in Bennettitales,

The paper contains many interesting and suggestive details which cannot

be mentioned here, and it brings together in every useful form views which have

been working like leaven, but which had not been expressed.

Another paper dealing with the method of origin of angiosperms, rather

than with their phylogeny, is that by Cook.^<* It is a theoretical discussion of

the possibility of angiosperms arising directly from liverworts, such as Anthoceros,

through the persistent aposporous development of the prothallia, which serve

"as means of attachment for the young plant during its embryonic stages.

*' Apospor)' need not interfere with the formation of sex cells, nor with the continu-

ation of truly sexual methods of reproduction." It seems that in this elimination

of spores "mitapsis*' is simply deferred to later generations of cells, in angio-

sperms being carried over into the aposporous female prothallium. From an

Anthoceros capsule an angiosperm with two cotyledons could be derived; and

then a many-leaved stem could be built up by the successive addition of "meta-

mers." The elimination of megaspores in the life-history of angiosperms results

in such new interpretations of structure that the reviewer must confess he is unable

to follow the discussion. For example, "the part of the angiosperm which, in

the present view, might correspond to the prothallus itself, is the nucellus. And
even this relation would not be direct, for the nucellus of the angiosperms might

not be homologous with the nucellus of the conifers and cycads, which, if current

interpretations are correct, is more analogous to the placenta of the mammal than

to an aposporous prothallus." Also, "the g5minosperms may be supposed to

have the ovules and seeds naked because they are still borne in an endosperm

which corresponds to the primitive, vegetatively functional prothallus, though it

now remains attached to the much more highly developed double-celled structure

which corresponds, in turn, to the capsule of the liverwort and the moss, the

37

10 Cook, O. F., Origin and evolution of angiosperms through apospory. iFroc
Wash. Acad. Sci. 9:159-178. 1907.
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frond of the fern, and the leafy axis of the club moss." When revolutionary ideas

are combined with evident lack of familiarity with the structures under discussion,

it is no wonder that confusion is the result.—J. M. C.

Development of heterotypic chromosomes,—Two years ago Mother pub-

mimary

pollen mother cells, and

appeared/^ His paper consists of two parts: first, a statement of the results

of his studies of five angiosperms {Podophyllum peUahim, Lilium Martagon^ L.

candidum, Tradescantia vtrginica, and Galtonia candicans); and secondj a dis-

cussion of several cytological phenomena, reviewing the work of previous investi-

chromosomes to hereditary characters.

account of the possible

The few points which he has specially emphasized in his own studies on

these five forms are as follows: poll

consists of a linin net, the ground matrix in which the chromatin is held. The
chromatin is in the form of very fine granules of uniform size or In larger aggre-

gations or clumps which are composed of smaller granules. (2) In s}Tiapsis he

has not found a union of two spirems. (3) The loose or hollow spirem which

has emerged from synapsis is of the double nature, which he believes to be due

to a new longitudinal spHtting that provides for the second division. (4) Seg-

mentation of this loose or hollow spirem into chromosomes takes place during

or following the second contraction stage. The second contraction consists in"

the arrangement of a large part of the spirem into loops that tend to radiate

mass formed

portions Each

loop represents a bivalent chromosome, each parallel part being a single chromo-

some. The two parallel parts or chromosomes are arranged tandem, or end to

end in the spirem, (5) He seems to emphasize the point

spirem into chromosomes.

segmentation

confirm

Farmer and Moore, Schaefner, and Strasburger. His theo-

point

be all identity

of such bodies is lost. He thinks granules in tlie resting nucleus should be con-

nected with smaller units, the pangens (following the terminology of DeVries);

and with a purely theoretical consideration of the pangens and their relation to

chromosomes and to heredity, the paper closes.—S. Yamaxouchi.

XI MOTTIER, D. M., The development of the heterotypic chromosomes in pollen

mother cells. Box. Gazette 40:171-177. 1905

12 heterotyp

mother cells. Annals of Botany 21:309-347. pis. 27, 28. 1907
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Resting buds as indices of ecological types.

—

Raunki.\er'*5 has regarded the

world of vegetation from a someM^hat new view-point, and has developed some

ideas that seem of great value. Prevailing ecological classifications have

commonly divided vegetation into xerophytic, mesophytic, and hydrophytic

groups, in which the foliage organs have been the dominant element. Ratinkiaer

thinks that the most rigorous season to which a plant is subjected is the one which

should show the most critical ecological structures. Hence he proposes a new

classification, based on resting buds and other organs that are most in evidence

in rigorous seasons. On this basis five great plant classes are recognized:

phanerophytes, whose buds are considerably above the ground (trees and shrubs);

chamephytes, whose buds are slightly above the ground; hemicryptophytes,

whose buds are at the ground level; cr}^ptophytes, whose buds are hidden in the

ground; and theroph}1;es, whose buds persist only in seeds (annuals). The

phanerophytes, especially, may be much subdivided: according to size into

mega-, meso-, micro-, and nanophanerophytes; according to leaf-fall habit into

evergreen and periodically deciduous; according to bud structure into forms

with naked or scaly buds. ^Chamephytes may have stems that are erect in favor-

able seasons, or stems that are always horizontal. Cryptophytes are divided into

geophytes, helophytes (marsh plants), and hydrophytes; geophjtes are further

subdivided into rhizome, bulb, root-tuber geophytes, etc. The author remarks

on the distribution of these various types in relation to soil and climate. It is his

idea that the classification of plant formations can be more readily and scientifi-

cally accomplished by the recognition of the above types than on other lines.

The reviewer feels that the contribution is of great value, and that perhaps Raun-

KJAER has given us the most practical classification of vegetation forms we yet

have. It seems a pity, however, that the paper is cumbered with so many new

terms. For instance, why say therophyte for annual? Too often good ideas

are buried under a ponderous Greek or Latin terminology.

—

Henry C. Cowles.

ARDAntitoxic value of] complete and of incomplete foods.

—

Le Rej

undertaken to ascertain how Penicillium glaticum can grow in such concentrated

solutions of the salts of copper, and also how the resistance of the organism to

the toxic salt is modified by varying conditions of nutrition. The maximum
concentration of four salts of copper (sulfate, nitrate, chlorid, and acetate) which

will allow germination in the presence of complete and incomplete foods has

been determined. A complete food contains the eight essential elements accord-

ing to the empirical formula C6H„06 +NH4N03 +MgS04 + KH2P04+ H20-
An incomplete food is one whose corresponding empirical formula is deficient.

ology of Penicillium

paper

'3 Raunkiaer, C., Types biologiques pour la geographie botanique. Bull.

Acad. Roy. Sci. Lett. Danemark 1905:347-437,

14 Le Rexard, Ali'., Essai sur la valeur antitoxique de I'aliment complet et

incomplet. 8vo. pp. 1-211. Paris: J. Mersch. 1907.
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The author draws thirty 'distinct conclusions, only a few of which can be noted

here. normal or less than normal
does not increase the resistance of the fungus to copper salts, and therefore has no
antitoxic value. Carbohydrates in the presence of a suitable mineral salt are

antitoxic to an extent which for a constant quantity of that salt becomes zero at

centinormal

hexoses. be correlated with a composi

tion which includes a suitable carbon compound and a suitable mineral salt,

imited with an organic or a mineral acid. Such a combination the author desig-

nates a '^complex" in which the toxin and the antitoxin are present in proportions

which make a simple ratio representing a double compound (organo-metallic)

which suggests by its composition and modifications the side-chain of Ehrlich.
The germination of Penicillium in toxic solutions of copper is therefore to be

attributed to the presence of such a complex. The paper is really an elaborate

study of undoubted value, but the reviewer has not undertaken to digest the

evidence for the conclusions emnnerated,

—

Raymond H. Poxd.

Chemistry of fertilization.

—

Loeb's address before the International Zoologi-

cal Congresses ;§ of general physiological interest. Summarizing all the experi-

ments on artificial parthenogenesis, he says:

It seems that the essential feature of the process of fertilization consists first in

a liquefaction or hydrolysis or both, of fatty compounds, and second, in the starting

of processes of oxidation in the right direction. These processes of liquefaction of

fats and hydrolysis and oxidation form apparently the basis of the synthesis of nucleins.

It is possible, but far from proved, that among the fatty compounds involved in the

process of hydrolysis are the lecithins.

These results are in harmony with the facts observed in the germination of oily

seeds. The process of germination is an analogue to the starting of the development

in the animal egg, inasmuch as resting cells are thrown into the process of cell divi-

sion and this process is based upon the synthesis of nucleins Ithink the chemis-

try of the germination of seeds is essentially the chemistry of nuclein synthesis, and

I believe the method of starting this synthesis is essentially the same as in the fertili-

zation of the egg I am of the opinion that this mechanism of nuclein synthesis

is the thread by which we can find a rational way through the maze of the otherwise

bewildering mechanisms, characteristic of living matter; on one hand, the phenomena

of growth, on the other, those of self-preservation We must therefore conclude

that the nuclei themselves or one of their constituents are the catalyzer for the nuclein

synthesis or one phase of it. It is possible that the nucleus catalyses only the phe-

nomena of oxidation, and inasmuch as oxidations are the conditio sine qua nan of

nuclein synthesis, this would explain the autocatalytic effect of the nuclei upon this

reaction.

It will be difficult to harmonize with this theory the germination of rice seed

AKAHAsm, germinate in the absence of ox}^gen, and

anaerobic growth of young shoots, described by Nabokich.—C. R. B.

^5 Science N. S. 26:425-437. 1907.
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Leaf structure and physical factors.—Most American ecologists have paid

attention to the distributional rather than to the anatomical phases of their sub-

ject. For this reason the contribution of Mrs. Clements'^ has been particu-

larly welcome. Few if any investigators have so thoroughly related leaf structure

to definite physical factors. After a brief historical sketch, and a survey of the

physical factors studied (light, water content of the soil, humidity, temperature),

a detailed presentation is given of the characteristics of the mesophyll and epi-

dermis of a large number of the plant species of various habitats in the Pike's

Peak region of Colorado. The plants are divided into tw^o classes, those confined

to one habitat, and those that occur in two or more habitats (polydemic species).

The latter seem to be the most numerous, and of course are the most interesting,

as showing the range of specific variation. The various types of polydemic

species are grouped so as to bring out graphically the effects of the various factors.

The use of the word endemic for plants confined to one habitat, and mesophyll

for a mesophytic leaf seem unfortunate in view of the long and wide use of these

words in other senses. Among the more interesting of the results and conclu-

sions, we may note that the lack of palisade cells is regarded as adaptational in

many hydrophytes, but hereditary rather than adaptational in monocotyls; a

typical xerophyte is regarded as having the chlorench}Tna made up entirely of

palisade cells; while light is regarded as the dominant factor in determining the

palisade structure and close cell texture in xerophytes, dryness of air or soil is

necessary for the extreme expression of this result. This paper is one that should

stimulate many to carry on work along the lines of ecological anatomy.

—

Henry

C. COWLES.

Tomato rot.—The blossom end rot of tomatoes is again the subject of study.

This is a widespread disease which has been studied repeatedly but without con-

cordant results. The rot has been heretofore variously attributed to Macrospo-

rium, Fusarimn, Cladosporium, and to bacteria, while some workers have failed

to find any parasites at all. The latest bulletin, by Miss SiiiTH,^^ describes the

discovery, after very careful search, of small tufts of a colorless mycelium, pro-

truding from intercellular spaces between the blackened walls into the still healthy

tissue. Affected pieces of tissue in a moist chamber repeatedly developed an

abundant growth of Fusarium. The affected tissue showed no bacteria. Pure

cultures of the Fusarium were isolated and inoculations upon green fruit were

successful, sometimes through the style but much more frequently through punc-

This disease does not develop well or at all upon old

)eing limited to young fruit. The writer correlates this

malic acid as the fruit increases in size; since her cultures

s extremely imfavorable to the errowth of this species of

ermis

Fusarium

i6 Clements, Edith S., The relation of leaf structure to physical factors. Trans

Amer. Mic. Soc. 1905:19-102,

17 Smith, Elizabeth H., Mass. Agr. Exp. Sta. Technical Bull. 3. April 1907.
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A bacterial rot of the tomato is also described in this bulletin. The bacteria

were isolated from tomatoes which showed no sign of fungus growth. They were
cultivated in pure culture and when reinoculated into the tomato fifty out of a
total of sixty-seven inoculations produced the characteristic disease. There are

Fusarium

Stevens

Root tubers of Dioscorea.—Some years ago Queva described the vegetative

organs of certain species of Dioscorea, and reached the conclusion that the tuberous

body which occurs at the end of some of the roots represents an organ which has

changed its nature from root to "something else." The matter^was taken up by
GoEBEL, who explains this peculiar body as an organ whose morphology lies

between a shoot and a root. A much more simple and more natural explanation

has recently been offered by Liptoinger/^ who has studied D. discolor, and

concludes that the roots do not change their morphological nature, but their

functiion. portion

former fimctionin

bothwhich is also able to produce root-shoots.

regions is discussed, and it is interesting to notice that in the tuberous part the

mestome strands are not arranged in a circle; that the inner mestome strands are

collateral; and that, at least in some

differentiated.—Theo. Holm.

porti

Secretory organs of Menispermaceae.—According to Mahe
with Ducts with

tannin

ima They are tubes of

length

4

and are characteristic of certain species of Anamirta, Cocculus, Cissampelos,

Burasaia, Calicocarpum, etc. Ducts with caoutchouc are known only in Tinomis-

cium, being found in all the vegetative organs as follows: in the stem, around

the sclerenchymatic arches of the pericycle and in the pith; in the leaf, in midrib

and petiole around the mestome strands. They are tubular and very thin walled.

The latex is white and granulose, readily soluble in chloroform, but only partiy

so in absolute alcohol and ether. The secretory cells, observed only in Abuta

rujescens, and containing an essence, abound in the stem near the sclerenchy-

matic pericyle on its outer and inner face.

—

Theo. Holm.

A Linnean herbarium.—Although the herbarium of Linnaeus went to London

after his death, several other collections made by him and his pupils remained in

Sweden, but have not been accessible until recently- In fact, it was not known

LiJTDEMGER, Leonhard, Ueber den morphologischen

•UE

Arten. Beih. Bot. Centralbl. 21:311. 1907-

,00 cA^rAtf^m-G H^c "\ff^n)Qnprniac^es. Bull. See.

Bot. France 53:651. 1906.
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where they were until the newly appointed curator of botany at the Swedish Acad-

emy, Professor C. A, M. Lindman/° discovered them among other bundles of

plants stored away in "lumber rooms.'^ These collections consist of the herbaria of

Carl von Linn£ fil., Alstroemer, Montin, and Solaxder, and contain many

specimens named by Linnaeus himself. These plants of Linnaeus and his son, and

from Hortiis Upsaliensis during the lifetime of Linnaeus, aggregate about 2000,

They have been brought together as a ''Herbarium Linnaeanum/' and Lindman

is now publishing a list of the species, arranged according to SysL Veget. ed. 13

(1774) and SuppL Plant. (1781).

—

^Theo. Holu.

Climate and plants.—^H. von Guttenberg^^ has made an anatomical and

physiological study of tlie evergreen element of the Mediterranean flora, in part

quite parallel to the studies which Bergen has published in this journal and to

some extent upon the same species. His work, however, was more extensive.

It was done upon two islands, Lussin and Brioni Grande, near the Austrian coast

of the Adriatic, and while his results as to transpiration do not always agree with

Bergen's, their general drift is the same. The anatomical structure of the leaves

is not of the extreme xerophilous type, because these plants must be able to take

advantage of the more favorable conditions of spring and autumn, as well as to

withstand the drought of summer. Thus, he finds the guard cells characterized

by a special motiUty because of the "hinge" in the wall, so that they can prevent

transpiration almost entirely by complete closure or allow it freely by wide open-

ing. We may pe permitted some skepticism as to the perfection of this regulation,

however.—C. R. B.

Anatomy of lianes.^FRiES^^ describes the anatomy of the stem and the

aerial roots of a cucurbit, Siolmatra hrasiliensis^ with some notes on the mode of

origin and form of the aerial roots of a species of Cissus, both occurring in the

rain 'forests of northern Argentina and southern Bolivia. Only two cases of the

formation of aerial roots have been described among Cuciurbitaceae, and in these

the roots are small and known only in house-grown plants. But Siolmatra pro-

duces the long ropedike roots, reaching down from the tops of the highest trees,

where the plant expands its foliage, to enter the ground and branch profusely.

anatomical

cambium

libriform cells on its outer face.—C R. B,

30 L1NDM.VN, C- A.M,, A Linnaean herbarium in the Natural History Museum
Stockholm Arkiv. for Botam'k Roy. Swed. Acad. Stockholm 7: no. 3. 1907

GUTTENBERG
immergrline Laubblatt der Mediterranflora, Engler's Bot. Jahrb. 38:383-444- t^^-

7-9. 1907

Morphologisch siidameri-

kanische Lianen. Bot. Studier tillagnade F. R. Kjellman 89-101. Upsala. 1906.
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Driftwood from the arctic sea.—A large amount of driftwood has been exam-

Jenisei River. Among
J

Pinus, and Abies; while the deciduous plants belong mostly to Salix, Populus,

and Betula. The structure of the trunks and roots is described and figured. The
author reaches the conclusion that the polar current is a much more important

factor in the transportation of driftwood in the arctic seas than Is the gulf stream.

The fact that seeds and fruits of various arctic plants have been found caught

in the fissures of driftwood leads to the conclusion that the wide distribution of

several arctic species may be due to such transportation.

—

^Theo, Holm.

A mutant of Leptospermum scoparium.—This shrub is very common in New
Zealand, occupying vast tracts of usually barren country. The flowers are

dered with snow.

pow

Cockayne

crimson flowers. This plant

possession of by a firm of nurser\Tnen, and among
from the seed six more plants with crimson flowers appeared. The variation

brownish

green.

—

]
Linnaea borealis.

—

Wittrock^^ has published thirteen mostly colored plates

of Swedish forms of this species^ and in the accompanying text has described

about 160 forms. The vegetative organs are mentioned, but the author has made

a special study of the shape and coloration of the corolla, which is beautifully

illustrated. The American representatives are briefly described, and the following

may be noted: L, borealis Iongiflora Torr. f. anguslissima (Washington),

f. ctitticalyx (Colorado), f. minutijolia (}

Theo. Holm.

ermon

Monograph of Fraxinus,

—

Lingelsheim^^ has made a general study of

phology

forms recognizes

species in § Ornus, nine of which are new; and thirty-two species in § Fraxinaster

four of which are new.

-P. papulosa (Townsend

Mexico, and F, hybridc

J. M. C.

jescens (Jaral

23 Invgarson, Fr., Om Drifverden i Norra Ishafvet.

Hdlgr, 37:1. 1903.

^4 Cockayne, L., On the sudden appearance of a new

oi Leptospermum scoparium. New Phytol. 6:43-46. 1907.

£

Acta, Hort. 4: no. 7, 1907.

^^ LiNGELSHEiM, ALEXANDER, Vorarbeiten

Fraxinus. Bot. Jahrb. 46:185-223. pi. 8. 1907.

ilymorph

i
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Flora Boreali-Americana.—^It is generally conceded that AndrjE ^NIichaux

was not the real author of this work, and that it should be credited to Richard.

Clos^'^ has brought the subject up again, and we learn that Kunth in 1825 declared f

positively that Richard was the anonymous author of the work ; and that Richard

published very little himself, leaving to his friends and pupils the publication of

many of his most important contributions. Beauchardat made a similar declara-

tion before the faculty of medicine in Paris, in 1853.

—

Theo. Holm.

Origin of asparagin in seedlings.—ScHULZE^^ has contemplated the work of

others in connection with some of his own and offers in consequence the view that

by the oxidation of the primary products of the dissociation of proteid (mono-

amino-acids, hexone bases) ammonia is formed, and that the ammonia is tlien used

in metabolism for the synthesis of asparagin and glutamin as the case may be.

That enzymes are potent in the oxidation of the primary products mentioned he

regards as probable.

—

Rayiviond H. Pond.

Photosynthesis.—^An excellent but all too brief resume of the recent progress

and present status of the problems of photosynthesis and the role of chlorophyll,

German

J It was

Usher
would have modified radically some of its statements.—C. R, B.

Myxomycetes of Colorado.

—

Bethel and Sturgis have begun

tion of a series of contributions under the general title "The Myx'

Fungi of Colorado,'^ the first number being a presentation of the IMyxomycetes

by Sturgis.31 This first bringing together of the slime moulds of the state shows

almost 100 species, representing 28 genera.—J. M. C .:!

Chromosomes of Oenothera mutants.—Miss Lutz^^ ij^s counted the chromo-

somes in the root tips of seedlings of O. Lamarciiana and of O. gigas, one of its

mutants. The point of chief interest is that the number (probably 28) in the

somatic cells of this mutant is double that found in the parental form.—J. M. C.

^\ Clos, D., La premiere flore de TAm^ique du Nord et Louis Claude Richard-

Bull. Soc. Bot. France 53:667. 1906.

38 SCHTJLZE, E., Zur Frage der Bildungsweise des Asparagins und des Glutamins

in den Keimpflanzen. Ber. Deutsch. Bot. Gesells. 25:213-216. 1907.

^9 KoHL» F. G., Kohlensaure-Assimilation imd CWorophyll-Funktion. Ber.

Deutsch. Bot Gesells. 24:(39)-(54). 1907.

30 See Box. Gazette 43:144, 1907.

31 Sturgis, W- C, The Myxomycetes of Colorado. Colorado Coll. Publ., Sci

Series 12:1-43. 1907.

LUTZ

ana Science N, S. 26:151, 152- 1907.

/



p

1907! CURRENT LITERATURE 399

Structure of chloroplasts.—The examination of living and fixed chloroplasts

of Chlorophytum and Selaginella convinces Priestly and Irving^^ that the

chlorophyll occupies the peripheral layer, 1-3/* thick, where it is held in the

meshes of a network. The observations of Timiriazefp and Nageli on the

splitting of the chloroplast when placed in a solution of low osmotic pressure

are confirmed.—C. R. B.
L

Zymase from Aspergillus,

—

^Jtjnitzky^^ finds that the aerobically cultivated

mycelium of Aspergillus always contains some zymase. He regards this result

as favoring rather than as opposing the theory of the genetic connection of alcohol-

fermentation with aerobic respiration.

—

Raymond H. Pond.

Carex in N. W. America.

—

Holmes Ij^s published an account of the genus

Carex in northwestern America^ the topics being (i) a synopsis of the species,

(2) types characteristic of northwest America, and (3) the geographical distribu-

tion of the Carices of northwest America.—^J.
M. C,

Rate and period of growth of Polyporus.

—

Edgerton^^ has found that the

growth of Polyporus lucidus is exogenous and averages about 0.5^"^ a day for

the grow^ing-period; and that the change in the development from stalk to pileus

is a gradual process.—J. M. C.

Julianaceae.—The full paper dealing with this interesting new family of

"'"~n plants has now appeared.^^ The preliminary abstract for presentationMe ._

before J

Aerenchyroa.

—

^Witte^s> describes and figures the aerenchyma in Lysimachia

vulgaris produced in stems in w^ater, and records the production of this tissue in

seven species of the Swedish flora.—C. R. B.

Annie
sidered in relation to its function. Annals of Botany 21:407-413. figs, 2. 1907.

34 JuNitZKY, N., Ueber Zymase aus Aspergillus niger, Ber. Deutsch. Bot,

Gesells. 25:210-212. 1907.

America^ Beih. Bot. CentralbL

222:1-29. 1907.

W. Tor-

reya 7:89-97. 1907.

37 Hemsley, W. Botting, On the Julianaceae: a new natural order of plants.

Phil. Trans. Roy. Soc. London B 199:169-197. pis. 18-24. figs- 2j, 1907.

3^ Box. Gazette 42:236. 1906.

39 WiTTE, Hernfrid, Ueber das Vorkommen eines aerenchymatis

bei Lysimachia vulgaris L. Bot. Studier tillagnade F. J.
Kjellman

-To. Upsala. 1906.

Gewebes



assistant director of the Royal Gardens, Kew.

Edward W. Berry spent the summer in collecting Mesozoic and Pk

fossil plants in Virginia and North and South Carolina.

Mr. T. D. Beckwith, Department of Agriculture, has been

bgy

iral College and Experiment Station, Fs

J. H. SCHAFFNER, professor of botany

been granted leave of absence of one year to study in Germany. His work at

Michiga

BIOGRAPHICAL SKETCH of the late Maxwell T. Masters
Kew Bull. Misc. Inf. Mr. W, B. Hemsley. A
bibliography is also published, not including contributions to the Gardeners^

Chronicle, and containing 141 titles.

Dr. Th. Herzog, of Freiburg, has gone to South America for a stay of eight-

een months, having been appointed botanist of a Portuguese commercial society

organized to introduce ''plant products" into Europe. His explorations will

lie chiefly in Bolivia and the Amazon region, and in connection with his other

work he hopes to obtain valuable collections of plants, and especially of mosses.

Baker
been

appointed

Para, Brazil. All letters and packages should be addressed to him at that point

after November i, 1907. His especial function there wall be the further develop-

ment of the herbarium and garden at Para, and the botanical exploration o

some of the most interesting parts of the Amazon Valley.

400
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NEWS
Mr, W. Eric Brooks has succeeded Mr. V. H. Blackmax in the department

)otany of the British Museimi,

Mr. a. W. Hill, lecturer at Cambridore University, has been appointed
|



^ i' -

• - \

Nervous Disorders

^ k

'^r'^

The nerv^es need a constant supplj
of phosphates to keep them steady
and strong. A deficiency of the phos-
phates causes a lowering of nervous
tone, indicated by exhaustion, rest-

lessness, headache or insomnia,

Horsford's
Acid Phosphate

(IVon-^AicohotieJ

furnishes the phosphates in a pure and
abundant form. It supplies the nerve
cells with health-giving life force, re-

pairs waste, restores the strength and
induces restful sleep without the nee
of dangerous drugs. An Ideal Tonic
in Nervous Diseases.

^*lyour druggist can't supply you wc will send a
small bottle, prepaid, on receipt of 25 cents.
Rumford Chemical WorkR PrnvidAnr*^ D T

Borated ?^-*

cum
/ -

.V

i»

!* .^,
J, TJ^'

- ^ rJ .^.—*-^

h/^J_^-
*^^'

*A
I

^TL ^

^<it:::^
'^

^

r* .f^
^^

-^ ?.

'%

OILET

t

.t.y. ^ "Aim Straight"
aiuie heart of all complexion troubles, by proteetin? the skia— D*iore Uis roughened and chapped by keen fall winds.

Meanen's Borated Talcum Toilet Powder
protMU as well as hrnU ; if used daily it keeps the skin dear
nnth- T?J- ^'^^ 'h^PP'^B- snrf rhafinir there'snothm? half so sro.xl as Mpnntn'.. After bath-«r and after nhaTin^ it is delightful.

ffc-I'f"?, '^ non-renUablf boxes-the "box
jrA ?* —for your protection. If Hpnnon'i

!?ff
*^°" i^i^ «^"ver it's (Tfouine and a

guarantee of paruy. Guaranteed under therm>d and DruifS Act, June 30th, 1906. Serial™ e ^'*^ everywhere, or by mail 25
i-cnts. Sa'np!^ FrF«>.

€ERHAR|> ME;i:«e:| CO., JSpw.rk, >. J.
Try Meanen's Violet (Borated) Talcum

Toilet Powder
It has the scent of fresh-cut Parma Violets

EXTRACT
For a full back

or a lame back

iV,

Invr.luable for

bruises and sprains.

After violent exercise,

a rub-down with POND'
EXTRACT is most re-

freshing and gives new energy to

tired muscles.
Get the genuine, sold only in orig-

inal sealed bottles—never in bulk.

Lamont, forliss & ro.,Ageat»,78Iln<l»oo8t.»Mei»rork.

Intending purchasers

of a strtdty first-

class Piano

should

not fail

to exam-

ine the

A
merits

of

THE WORLD RENOWNED

^>

t^-

It is the special favorite of the refined and

cultured musical public on account of its unsur-

passed tone-quality, unequaled durabihty. ele-

gance of design and finii^h. Catalogue mailed

on application. *wr-o
THE SOHMER.CCCIUAN 'NSIDE PLAYER

SURPASSES ALL O^^^^i. u.rf i-.
Favorable Terms to Responsible Partiea

Wareiooms Cor. 5th Ave.^ 22d St. HEW YUKK7
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LOME
New School Projection Lantern

Deslsrned meet the demand for a lower- priced

instrument than our Lantern D. Built on the same genei
it possesses many of the excellent features of that model.

It is simple, efficient, portable, stable, and convertibl

be used sinsrle or double with a dissolver. Is mad th

ght

fitted M cover the ordinary

range of High-School Projection Work.
Price complete, as shown above, $5
With acetylene burner, $45.00.

Send for descrintive circular.

" PRISM " IS A LITTLE MAGAZINE we publish monthly.
a mere advertisement, but a beautifully made and printed little

cation about that world of wonder and beauty seen by the lens,
us your name and we will enter your subscription FREE.

Not
publi-

Send

Bau Lornb Optical
Rochester, N. Y.

New York, Boston, Washington, Chicago, San Francisco



F you are having any trouble with the finish

on your floors, or are not entirely pleased

with their appearance, it is certain you have not

used LIQUID GRANITE, the finest floor finish

ever introduced.

It makes a finish so tough that, although the

wood will dent under a blow, the finish will not

crack or turn white. This is the highest achieve-

ment yet attained in a Floor Finish, and is not

likely to be improved upon.

Finished samples of wood and instructive

pamphlet on the care of natural wood floors sent

free for the asking,

BERRY BROTHERS, Limited.

Varnish Manufacturers.

NEW YORK

BOSTON BALTIMORE

CHICAGO

CINCrNNATI

ST.LOUS

SANFRANdSGO

Factory and Haln Office, DETROIT
Canadian Factory, WALKERVILLE, ONTARIO

RAILWAY ORGANIZATION
AND WORKING

Edjted by ERNEST R. DEWSNUP
of prominent railway officials have contributed to

tms volume the condensed results of their experience.

Eminently practical and thoroughly readable, the book
occupies a unique position as a manual of railroad business.

it is equally adapted to university classes and to the needs
of the professional railroader, 510 pages; small 8vo, cloth;

net $2,00, postpaid $2.16.

ADDRESS DEPT. P

THE UNIVERSITY OF CHICAGO PRESS
Chicago and New York

WHEN YOU ASK FOR
THE IMPROVED

REFUSE ALL
SUBSTITUTES AND
INSIST ON HAVING
THE GENUINE
The Name Is

stamped on every

loop—

CUSHION
BUTTON

aiES FLAT TO THE LEG-NEVER
SLIPS, TEARS NOR UNFASTENS

Sample pair, Silk 50c., Cotton 25c.

Wailed on receipt of price.

GEO. FROST CO., Makers

Boston, Mass., U.S.A.

ALWAYS EASY

IF COFFEE DISAGREES

MTH YOU, AND ^01 .\RE

TIRED OF CEREAL
SIBSTITITES

TURN TO

COCOA

(THE DRLNK TILVT IS FOOD)

As Pure. Delicious and Carefully made as

dr^ CANDIES

^Dl'R GROCER
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TOOTH
PASTE

Differs from the ordinary

dentifrice in minimizing

the causes of decay. En-

dorsed by thousands of

Dentists. It is deliciously

flavored, and a delightful adjunct to the den-

tal toilet. In convenient tubes. For sale at

drug stores, 25c. per tube.

AVOID SUBSTITUTES

DENTACURA COMPANY,
Newark, N. J., U. S. A.

HERALDS OF AMERICAN

LITERATURE
By ANNIE RISSELL MARBLE

The aim of this book is to recount, in detailed
study and largely from original sources, the hves
and services of a group of typical writers of the
Revolutionary and National periods. Following an
introductory chapter, there are biographical and
critical studies ot Francis Hopkinson, Philip
Freneau, John Trumbull and his friends among
the'* Hartford wits/'JosephDennie.WilliamDunlap,
and early playwrights, and Charles Brockden Brown
and his contemporaries in fiction. The author has
been a-sisted in her researches by libraries in many
places and also by descendants of several of these
early writers, who have loaned manuscripts, letters,
etc. Although their own writine:s were often imma-
ture and crude, yet these pioneer versifiers, journal-
ists, and romancers revealed the customs and
aspirations of their age, and announced the dawn
of a national literature.

The book is illustrated by several half-tones of
rare portraits, broadsides, and title-pages.

^
316 pages; small 8vo; cloth; net $1.50; postpaid,

51.64.

Address Dept. P

The University Chicago Press

If you wish something

sharp point—with

Something iliat is always ready

for business—select a

GrapHite

// j»au are not familiar with Dixon's, send

16 cents in stamps for samples. You will

not regret it.

JOSEPH DIXON CRUCIBLE
JERSEY CITY HEW JERSEY

Adam Smith and
riodern Sociology

A STUDY IN THE nETHODOLOQV
OF THE SOCIAL SCIENCES

ALBION W. SMALL
HE volume is the first of a series which the

author will edit on the preparations for soci-

ology in the fragmentary work of the nineteenth-

century social sciences. The main argument of

the book is that modern sociology is virtually an

attempt to take up the larger program of social

analysis and interpretation which was im-

plicit in Adam Smith's moral philosophy, but

which was suppressed for a century by prevailing

interest in the technique of the production of

wealth. It is both a plea for revision of the

methods of the social sciences, and a symptom of

the reconstruction that is already in progress.

260 pages, i2mo;cIoth;«^/Ji.25, postpaid $1-3^'

Address Dept. P

The University Chicago Press

CHICAGO AND NEW YORK Chicago and New York
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Wright's Health Underwear
differs from common underwear in that it protects the wearer
from catching colds. It is made, as no other underwear is, on
the wonderful Wright's loop-fleece principle. Upon the founda-
tion fabric is woven a myriad of tiny loops of wool forming a

fleecy lining to the garment. This open woven fleece gives the

skin the requisite ventilation, allows the pores to breathe, carries

off perspiration and allows it to evaporate outside, leaving the

skin dry and healthy.
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The Greatest

Typewriter of All

Writing Entirely Visible—showing not only the

iU f/ '-
printing line h^t pointing: out the printing point

^

Tab-

ulator Two color ribbon— Interchangeable carnages
I* i

**»J
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A •

and many other features.

Every Feature that Makes a Typewriter Desirable
=-^.

Superiority proved in your own office at our

expense.

Branch Offices and Agencies Everywhere

Send Direct to Factory Office for Catalog

FOX TYPEWRITER COMPANY,
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y and charm to the people of
r

ruins, are of never-failing interest.

An ideal way to visit these historic places is by

08, for the

..^'

^ On this cruise the steamer calls

23 ports and at nearly every port opportunity is given for inland
'

e S. S. Moltke is one of the finest of modern steanisnips. as built

4 y for cruising purposes and her passenger accommodations have

ranged and equipped according to the highest standards.

attractive cruises

edlterraiiean Adriatic

of interest on

mw mir lUufttnitecl t f

ITALY AND ALEXANDRIA.
coniaitimg complete particulars (Mention this Magazine)

< K

.. f-' LINE
f.

35-37 BROADWAY, NEW YORK
r -, K

yrnr^fti
^ -^

Boston Chicago St. L<mia San Francisco

^»
V



i

I

The most popular pens are

ESTERBROOKS
Made in 150 Styles

TERBR00K&-.C0;

:^Ai!^:NiaENi

Fine Points
J 128, 333

, 130Business, 048, i

Broad Points, 3 1 2, 3 1 3, 314
Turned-up Points, 477

531. 1876

Esterbrook Steel

Works: Camden, N. J. 26 John St., W. Y
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Interpretat
Italy During
L Cent
A contribution to Goethe's Italienische Reise

By CAMILLO VON KLENZE, Professor of
German Literature, Brown University

^50 pages, 8vo, doth. Net %t,so^ Postpaid $1.62

Address Deft. P
The U7iiversity of Chicago Press
CHICAGO ANB NEW YORK

The

Remington
Typewriter

is the stand

world; bywhich all others

are measured*
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Remington Typewriter Com^diny
(Incorporated)

New York and Everywhere

The Social Ideals of Alfred Tennyson as

Related to His Time

By WILLIAM C. GORDON

It is rare that two departments of study are combined as

cleverly and as profitably as English literature and sociology

are cojnbined in this work. It is a treatment, on some-

what novel plan, of a suhjcct at once literary and scientific.

266 p;jgcs ; lamo, cloth ; net $1.50, postpaid $i.6x.

Address Dept. P

THE UNIVERSITY OF CHICAQO PRESS
Chicago and New York

THE UNIVERSITY OF CHICAGO
F

Educational and Scientific works printed in English, German,

French, and all other modem languages. Ettimates furnished.

38th street and ELLIS AVENUE, CHICAGO, It,f,lNOl5

HARTSHORN ROLLERS
Wood Rollers Tin Rollers

Bear the script name of Stewart
UarUuoru on Libel.

Get ^'Improved," no tacks rcnnlred.
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(i) Visible Writing; (2) Interchangeable Type; (3) Lightest

Touch; (4) Least Key Depression; (5) Perfect and Perma-
nent Alignment; (6) Writing in Colors; (7) Least Noise; (8)

Manifolding Capacity; (9) Uniform Impression; (10) Best

Mimeograph Work; (11) Any Width of Paper Used; (12)
Greatest Writing Line; (13) Simplicity of Construction; (

Greatest Durability; (15) Mechanical Perfection; (16) Back
Space Attachment;

Repairs;

Portability; (18) Least Cost

Perfect Escapement; (20) Beauty of Finish.

Write for Catalog

The Hammond Typewriter
Factory and General Offices

69th to 70lh Streets and East River
New York, N. Y.
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Strong Testimony from the University of

Virginia.

IN URIC ACID. DIATHESIS, GOUT, RHEUMATISM,
LITHAEMIA and the Like. ITS ACTION IS

PROMPT AND LASTING.
Goo. Ben. Johnston, M.D., LL.D.| Pro/. Gynecology and Abdominal Surgery, University

of Virginia, Ex~Pres. Southern Surgical and Gynecological Assn.^ Ex-Pres. Virginia Medical
'^^i^ty and Surgeon Memorial Hospital^ Richmond, Va,: *'If I were asked what mineral water luw
the widest range of usefulness, -j,^ ^ •« ta Uric Acid Diathesis, Qoutt
I would unhesitatingly answer, BllFEALO LITHIAWJOTER Rheumatism, LlthaemU, and
the like, its beneficial effects are iwroinpt and lasting. • • . . Almost any ca5e of Pyelitis aa4
Cystitis will be alleviated by it, and many cured. I have had evidence of the undoubted Disin*

tegratlng Solvent and Eliminating powers of this water in Renai Cafculiis, and have known iu loc^

continued use to permanently break up the gravel-forming habit*'

MATERIA

Jfam fss
?

WI.D., IK.fA..tL.Dm,former Pro/, Physiology and Surgery in the Medical

of
^nd Pres. o/the National Board ofHealth
Weii-knowa therapeutic resource.

Materia M^^^iVa »'
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f- Urfr Arl4
l^lhesis is a

an article of

«•

WITH IT ;N PREVXNTING ORiC ACIi> DEPOS

^nia, Charlottsville, Va.:
prompt results I have found

if Faculty and Pro/essor o/ Physiology, University 0/ \

ity years' nractice I have no hemtency in stating that

nothing compare with

"After twenty years' pract

BUIFALO LfTHIil«bO¥R
preventing tJric Acid DmoKta

in the !•:» iy^

"I KNOW Qt iNO REMEDY COMPARABLE TO IT,
*a

Wm % Towles,

tlladder, I know of no
mr-"^'s«'*V''»,

.D,, lat€ Prof. Of Anatomy and MaUria Jfedica, University of Virgin^.-

;, Oout, Rheumatism, Rheumatic Oout, Renal Calculi and Stone lo tiMi
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Piatt's

Chlorides
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nothing by
preventing

sickness.
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The Odorless
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PUBI^IC ATION.S IN the:

BIOLOGICAL SCIENCES
BOTANY
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The Role of Diffusion and Osmotic Pressure in

Plants. By Burton E. Livingston, xiv

-{-150 pp., 8vo, cloth; net, $1.50; postpaid,

$1,62.
"An excellent and much-needed genera! treatment of the

diffusion of osmotic pressure in plants. The treatment of

the whole subject is clear and concise, and forms an admir-
able addition to the literature of physiological botany. It

will be found indispensable to all students along these

lines."—/'/aw/ IForid.
**Dire que I'auteur a fait faire un notable progres a la

science, c est faire de son livre le meilleur eloge."

—

Le
monde des planies.

Methods in Plant Histology. By Charles J.

Chamberlain. Second edition. x-|-262 pp.,

illustrated, 8vo, cloth; net, $2.25; postpaid,

$2.39.

Mitosis in Pellia. By Charles J. Chamber-
lain. With three lithographic plates. 18 pp.,

4to, paper; net, 50 cents; postpaid, 53 cents.

The Ecological Relations of the Vegetation on
the Sand Dunes of Lake Michigan. By
Henry C. Cowles. 118 pp., paper; net, 75
cents; postpaid, 81 cents.

Oogenesis in Saprolegnia. By Bradley M.
Davis. With two lithographic plates. 34 pp.,
4to, paper; net, 75 cents; postpaid, 79 cents.

The Phylogeny of Angiosperms. By John M,
Coulter. 6pp., 4to, paper; net, 25 cents;

postpaid, 27 cents.

The Life History of Polysiphonia Violacea.
By Shig^o Yamanouchi. 54 pp., 10 plates,

8vo, paper; net, ^1,00 ;
postpaid, Si.05.

ZOOI.OGY
Animal Micrology: Practical Exercises in Micro-

scopical Methods. By Michael F. Guyer.
250 pp., with 71 illustrations, 8vo, cloth; net,

J^i'75; postpaid, $1.88.

The Development of Colors and Color Patterns
of Coleoptera, with Observations on the
Development of Colors in Other Orders of
Insects. By William L. Tower. With
three colored lithographic plates. 40 pp.,
4to, paper; net, $1.00; postpaid, $1.04.

The Animal Ecology of the Cold Spring Sand
Spit, with Remarks on the Theory of Adap-
tation. By Charles B. Davenport. 22 pp.,
4to, paper; net, 50 cents; postpaid, 53 cents.

Laboratory Outlines for the Study of the Em-
bryology of the Chick and the Pig. By
Frank R. Lillie. 48 pp., paper; net, 25
cents; postpaid, 27 cents.

BACTERIOLOGY
A Laboratory Guide in Bacteriology. By Paul

G. Heinemann. xvi + 144 pp., illustrated,

i2mo, cloth; net, $1.50; postpaid, 5i.6i.
The Self-Purification of Streams,

O. Jordan. . With

By Jacques
8vo, cloth

;

By Edwin
maps. 12 pp., 4to,

paper; net, 25 cents; postpaid, 27 cents.

two

PHYSIOLOGY
Studies in General Physiology.
LoEB. In two parts. 806
net, $7.50; postpaid, $7.91,

i

Physical Chemistry in the Service of the

Sciences. By Jacobus H. Van 't Hoff.
Translated by Alexander Smith, xviii -|-

126 pp., illustrated, 8vo, cloth; net, S1.50;
postpaid, $1.62.

"Lucid, terse, concentrated."

—

Knowledge and Scien-

tific News (London).
'* The volume is an unusually elegant one, which makes

a strong appeal to the book -lover as well as to the chemist."
-

—

Journal of American Chemical Society,

"This is an extremely readable book."

—

Technical
World.
"Die Uebersetzung ist ausgezeichnet."

—

Zeitschrifi filr
physikalische Chemie.

A Laboratory Outline of Physiological Chemis-
try. By Ralph W. Webster and WalDe-
MAR Koch, viii -f- 107 pp., 8vo, cloth; net,

J51.50; postpaid, ^1.68.

NEUROLOGY
Neurological Technique. By Irving Har-

DESTY. xii -f 184 pp., 8vo, cloth ; net, ^1-75 ;

postpaid, ^1.87.
" We do not know any other book of its size that seems

quite as complete and useful."

—

Journal of American
Medical A ssociation.

•'As a whole, we know of no similar book which will be

as valuable to the student of neurological technique. —
American Journal ofInsanity,
''As a succinct, but sufficiently comprehensive intro-

duction and laboratory guide to the subject, the book may
be warmly recommended,"

—

British Medical JournaL

The Finer Structure of the Neurones in the

Nervous System of the White Rat. By
Shinkishi Hatai. With four colored plates.

14 pp., 4to, paper; net, 75 cents; postpaid,

78 cents.

ANATOMY
A Description of the Brains and Spinal Cords

of Two Brothers, Dead of Hereditary

Ataxia, of the Series in the Family De-

scribed by Dr. Sanger Brown. By Lewellys
F. Barker. With three heliotype plates and

forty figures. 50 pp., 4to, paper; net, 52.OO ;

postpaid, $2.06.

*'The article is extremely interesting to neurologists and

medical men. It shows a profound insight and knowledge

of the disease treated."

—

Knowledge.
,," Altogether it is an elaborate and well-executed essay.

•

—

Medical Record.

The Distribution of Blood-Vessels in the

Labyrinth of the Ear of Sus Scrofa Domes-
ticus. By George E. Shambaugh. With

eight colored plates. 20 pp., 4to, paper; net,

i5i.25; postpaid, $i.2q.

The Structure of the Glands of Brunner. By

Robert R. Bensley. With five plates

p^,, 4to, paper; net, ^I-OO; postpaid, |i.05
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Important Books on Botany

PLANT ANATOMY
From the Standpoint of the Development and Functions of the Tissues, and

Handbook of Micro-Technic.

By William Chase Stevens

Professor of Botany in the University of Kansas.

With 130 Illustrations. Octavo; 349 pages. Just Ready. Cloih, $2.00 net.

VEGETABLE PHYSIOLOGY
An Introduction to the Subject.

J

Lafe Professor of Botany in the Pharmaceutical Society of Great Britain; formerly Scholar of

Trinity College and Senior Demonstrator in Physiology^ University of Cambridge,

Second Edition, Revised. 182 Illustrations. Octavo; 459 pages. Just Ready. Cloth, $3.00 «<?/.

ORGANIC MATERIA MEDICA AND
PHARMACOGNOSY

An Introduction to the Study of the Vegetable Kingdom and the Vegetable

and Animal Drugs.

By Lucius E. Sayre, B. S., Ph. M.

Professor of Materia Medica and Pharmacy in the University of Kansas,

Third Edition, Revised. With 377 Hlustrations. Octavo; 692 pages. Cloth, $S-^0 n€t.

MEDICINAL PLANTS OF THE PHILIPPINES
By T. H. Pardo De Tavera

Medic
Philippine Islands^ etc.

Translated and Revised by Jerome B. Thomas, Jr., A. B., M. D., Captain and

Assistant Surgeon, United States Volunteers,

i2mo; 268 pages. Cloth, ;5;2.00 net.

BLAKISTON'S SON & CO., Publishers

Biological, Medical, Chemical and Allied Scientific Books

I0I2 WALNUT STREET, PHILADELPHIA
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i Bulletin of Recent Publications
and Winter Announcements of

Cjje ^nil3er0it^ of C{)icaao BvtSQ

English Poems
Selected and Edited, with Illustrative and Explanatory Notes and Bibliographies,

by WALTER C. BRONSON, Professor of English Literature, Brown
University

Vol. IV, The Nineteenth Century, 635 pages, i2mo, cloth; net $z.oo, postpaid $1.15. Special

Library Edition, net $1.50, postpaid $1.68

In preparing this series, Professor Bronson is providing for college students and others

a more convenient and generally available selection of English poetry than has ever been

comDleted it will comnrise four volumes. Volume I will include Old-made before. When
Middle

will cover the Elizabethan and Caroline periods; Volume III wall be devoted to the Restora-

tion and the eighteenth century; while Volume IV (now ready) covers the nineteenth century.

The volumes are being issued at intervals of about six months.

The plan of ''The Nineteenth Century'' is thus described in the preface:

Authors and poems have been chosen both for on the meaning of a poem, or give circumstances

their merit and for their significance in the history connected with the composition of it, or illustrate

of English literature. The book is therefore not an the poet^s method of work; (3) the poet's theory of

anthology, or collection of the best poems. It is a poetry and his philosophy of life, when these can be

collection of good poems that illustrate the different given in his own words; (4) variant readmgs of a

periods and phases of the work of individual poets, few poems, such as "The Ancient Marmer" and

and the rise, growth, and decline of schools of poetry. **The Palace of Art," the reworking of which has

- . - - Entire poems have been given wherever that special interest and significance; (5) quotations from

was possible, and the bulk of the book is made up of sources and parallel passages, or references to them,

them. But in order to represent some authors at to show the poet's literary relationships and his way

all adequately it has been found necessary to admit of handUng raw material; (6) extracts from con-

a limited number of extracts. The notes include temporary criticisms on some of the leaders of new

(i) explanations of words, allusions, etc., which the literary movements. A selected bibliography,

average college student may find obscure; (2) state- adapted to the needs of undergraduates, foUows the

ments by the author or his friends which throw light notes.

Heralds of American Literature
By ANNIE RUSSELL MARBLE

394 pages, II plates, small 8vo, cloth; net $1.50, postpaid $1.64

Recounts in detailed study and largely from original sources the lives and services

of a group of typical writers of the Revolutionar>' and National periods. There are bio-

Joseph Dannie^ William
J

and Charles Brockden Brown and his contemporaries in Ection. The book is illustrated by

several half-tones of rare portraits, broadsides, and title-pages.

Literature in the Elementary School
By PORTER LANDER MacCLINTOCK

320 pages, lamo, cloth; net $1.00, postpaid $1.12

The book gives a series of detailed studies on the choice and teaching of the various

kinds of stories; on poetry; on the drama; on myth as literature; on the correlation of

literature with the other disciplines; on the actual teaching of the class m literature; on tne

-^4. ^1 , , , .. ^. .. . 1 ^ ^.,* ^f o^^.,^^>^ rAar?incr tnr rhiidren: anareturn

finally

a chapter on out-of-school reading for children; and

ggestion

experience
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Adam Smith and Modem Sociology: A Study in the Methodology

of the Social Sciences
\

#

By ALBION W. SMALL, Professor and Head of the Department of Sociology

in the University of Chicago

260 pageSj T2mo, cloth; net $1,25, postpaid $1.36

The volume is the first of a series which the author will edit on the preparations for

sociology in the fragmentary work of the nineteenth-century social sciences. The main

argument of the book is that modern sociology is virtually an attempt to take up the larger

programme of social analysis and interpretation which was implicit in Adam Smith's moral

philosophy, but which was suppressed for a century by prevailing interest in the technique of

the production of wealth. It is both a plea for revision of the methods of the social sciences

and a symptom of the reconstruction that is already in progress.

Women's Work and Wages : A Phase of Life in an Industrial City

By EDWARD CADBURY, M. CECILE MATHESON, and GEORGE SHANN
383 pages, 8vo, cloth; nef^i.so, postpaid $1.61

The authors give, for the purposes of the student and social worker, a systematic

and comprehensive statement of the facts and theories of women's work and wages and the

complex attendant problems.. The valuable work done in late years by various writers and

associations is brought into line with the facts gathered by original investigation of a most

exhaustive nature.

Outdoor Labor for Convicts

By CHARLES RICHMOND HENDERSON, Professor and Head of the De-
partment of Ecclesiastical Sociology in the University of Chicago

170 pages, 8vo, paper; net 75 cents, postpaid 83 cents
r

This little volume gives English translations of all the reports made to the last Inter-

national Prison Congress at Budapest, together with accounts of various farm colonies in

Belgium and Switzerland, and of outdoor work of prisoners in the United States. The book
contains the largest body of expert opinion and of fact to be found anywhere on this subject,

and the conclusions offered are based on the results of experiments made in nearly all civilized

countries.

Chapters in Rural Progress

By KENYON L. BUTTERFIELD, President of the Massachusetts Agricultural
College

276 pages,'8vo, cloth; net $1.25, postage extra

rural

aspects of modern agriculture, is gradually

broadened to embrace the field of economic and social investigations. At present the literature

sociological phases of rural

f rural C(

country

rfield

J
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The Tragedies of Seneca

Translated by FRANK JUSTUS MILLER, Associate Professor of Latin in the

University of Chicago

- 445 pages, 8vo, cloth; net $3.00, postpaid $3.20

This is a new translation of the ten tragedies which have come down under the name of

Seneca. They are rendered in English blank verse, with appropriate lyric meters for the

choruses. The work is enriched and its value greatly enhanced for both classical and

English students, as well as for the general reader, by an introduction on the influence of

Seneca upon early English drama, contributed to the volume by Professor John M. Manly;

also by a review of the Roman historical drama in connection with the Octavia, by comparative

analyses of Seneca's tragedies, and by a comprehensive mythological Index and glossary.

Dramatic Traditions of the Dark Ages

By JOSEPH S, TUNISON
350 pages, i2mo, cloth; net $1.25, postpaid $1.36

The critics of the ancient drama never get beyond Seneca—if indeed they go so far—and

students of the modern stage usually begin with the thirteenth century. This book aims to

cover the interval.

Mr. Tunison has the skill and liveliness of method The quantity of his results can not easily be
which enable him to marshal this wonderful array of measured.

—

Springfield Republican.

facts.—TVe^ York Times.

The Interpretation of Italy During the Last Two Centuries ; A

Contribution to the Study of Goethe's ITALIENISCHE REISE

By CAMILLO VON KLENZE, Professor of German Literature iti Brown

University

150 pages, 8vo, cloth; net $1.50, postpaid $1.62

With

during

volume

book to anyone who desires to follow the story of mo<Jern

amount of reading and labor, and will be of service culture and intellectual life—r/z^ Dial

Old German Love Songs : Translated from the Minnesingers of the

12th to 14th Centuries

By FRANK C. NICHOLSON
236 pages, 8vo, cloth; net $1.50, postpaid $1.61

In this volume an attempt has for the first time been made to present English readers with

a fairly large and typical selection from the German Minnesingers of the twelfth to the fuur-

The English versions, whUe preserving the form of the originals, aim, so
:unes

far as is possible, at faithfulness of rendering. An introductory essa) discusses

Profes

Minnesong

The
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The True Nature of Value

By RUFUS FARRINGTON SPRAGUE
190 pages, i2mo, cloth; net $i,oo, postpaid $1.10 -

Mr, Sprague is not a professional economist, but a successful manufacturer, whose

attention has been for many years directed to the abstract principles underlying exchange.

In the public discussions of a few years ago on the subject of a monetary standard he took an

important part, and he was the candidate of the ^*Gold Democrats" for governor of Michi-

gan. He has developed a theory of exchange value which resembles in some points that of

Bastiat, but is much more elaborately developed and in many respects entirely new. The

book deserv^es the attention of all economists.

A Short History of Wales

9/ Wales

162 pages, i2mo, cloth; net 75 cents, postpaid 83 cents

This book, by one of the most distinguished of living Welsh scholars, will supply a long

felt want. It aims at giving the general reader a simple and intelligible outline of the history

of Wales, and is particularly fitted to be used as supplementary reading in schools. It

covers the entire history from prehistoric times to the present day. The volume is fully

equipped with summaries, pedigrees, and maps.

First Year Mathematics for Secondary Schools

By GEORGE WILLIAM MYERS, Professor of the Teaching of Mathematics
and Astronomy in the College of Education of the University of Chicago.

Assisted by the Instructors in Mathematics in the University High School.

198 pages, i2mo, cloth; net $1.00, postpaid $1.09

The object of this new course in mathematics is to do away with the present artificial

divisions of the subject and to give it vital connection with the student's whole experience.

The first year of secondary work is devoted (i) to generalizing and extending arithmetical

notions, (2) to following up the notions of mensuration into their geometrical consequences,

and (3) to reconnoitering a broadly interesting and useful field of algebra. This means

postponing the scientific and purely logical aspects of algebra to a later period.

Geometric Exercises for Algebraic Solution, for Secondary Schools

By GEORGE W. MYERS and the Instructors in Mathematics in the Univer-
sity High School

go pages, i2mo, cloth; net 75 cents, postpaid 82 cents

book the

ground

solved

By the use of geometric problems to be

course

pointing out many connecting by-ways and overlapping districts of the two domains of ele-

tary
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The Investment of Truth, and Other Sermons

By the late FREDERIC E. DEWHURST, Pastor of the University Congrega-
tional Church, Chicago

174 pages, i2mo, cloth; net $1.25, postpaid $1.37

Mr
tions of things. Professor Albion W. Small says of this book of sermons: ^^It is a coiitrilni-

tion to the literature of strenuous communion with God/'
The reading of these sermons confirms Mr. Mr. Dewlmrst's appeal is to the few, but to these

Srnall's words. They are vital, they deal with the he appeals strongly.

—

TJie Nation,
big things of life.

—

Christian Register,

Love and Loyalty

By JENKIN LLOYD JONES, Pastor of All Souls Church, Chic;

400 pages, i2m0y cloth; net $1.50, postpaid $1.66

Twenty-three sermons by the noted pastor. With the exception of the introductory

discourse, they were all delivered as "class sermons" for successive graduating classes, and

the text is in every case the class motto. The collection thus represents a cross-section of

a quarter century from a busy city ministry. Composed for boys and girls, the discourses

should appeal particularly to others of like age, but anything that appeals to the young interests

their elders likewise. The book is therefore issued in the belief that many will find a value

in the noble ideals here set forth.

The English Reformation and Puritanism, and Other Lectures and

Addresses

By the late ERI B. HULBERT, Professor and Head of the Department of

Church History in the University of Chicago

352 pages, 8vo, cloth; net $2.50, postpaid $2.71

The late Dean Hulbert was a unique and striking character. Those who knew him

and who enjoyed the flavor of his keen, incisive talk, will be glad to know that a number

of his lectures have been collected and published. :Many also who did not know him person-

ally will enjoy the book, and will be impressed as never before with the appalling cost of the

civil and religious liberty that we now take as a matter of course.

Christianity and Its Bible

WARIN
Nova Scotia

389 pages, 8vo, cloth; postpaid $1.00

This book contains in twenty-three chapters a sketch of the origin of the Old Testa-

ment religion and of Christianity, a histor>' of the Christian Church, and a summary of

present-day Christianity.

It is both a trustworthy and a useful book, well adapted to increase religious intelligence.—T^ Outlook
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PUBLICATIONS IN SERIES
following serieSy for which we are publishing agents. Full infi

mation will he sent on request.

Researches in Biblical Archaeology: Chronology

«

(

raphy, Social and Religious Institutions, Art and Literature of the Biblical TTations

By OLAF A. TOFFTEEN, Professor of Semitic Languages and Old Testament

Literature in the Western Theological Senainary. Published for the Oriental

Society of that Institution.

\Now ready.]

Volume Ij Ancient Chronology, Part I: From 3400 to 1050 b. c.

300 pages, 8vo, cloth; net $2,50, postpaid $2.70

As a preliminary to a detailed treatment of biblical chronology, the author undertakes

in this volume a survey of early chronology in general in the light of the latest researches

in Babylonian, Assyrian, and Egyptian history. His conclusions are in many respects at

variance with those of most recent scholars, and tend to support the authenticity of the Old

Testament narrative.

The following volumes are in preparation:

Sidelights on Biblical Chronology, Part I

Ancient Migrations, Part I

Ancient Chronology, Part II

Philosophic Studies

The Department of Philosophy in the University of Chicago announces the publica-

tion of a series of monographs under the foregoing title, to include the subjects of ethics,

logic and metaphysics, aesthetics, and the history of philosophy. The initial number is ready:

The Ethical Significance of Feeling, Pleasure, and Happiness in Modern Non-Hedonistic Sys-

tems. 98 pages, 8vo, paper; net 50 cents, postpaid 54 cents
By WILLIAM KELLEY WRIGHT

[In Preparation.]

The Respective Standpoints of Logic and Psychology
By MATILDE CASTR'O

Publications of the National Society for the Scientific Study of Education

We are publishing agents for the Yearbooks of this society. These reports (each issued

in two parts) contain important papers and discussions on pedagogical subjects. Detailed

information will be furnished on request.

DISSERTATIONS
Under the regulations of • the University, doctors' theses must be printed. It is

frequently of advantage to the writers to have their productions published, and many
candidates employ the University Press for that purpose. Some recent issues are

:

The Infinitive in Polybius Compared with the Infinitive in Classical Greek : Being Part IV of Vol. I of

Historical and Linguistic Studies in Literature Related to the New Testament. 60 pages, 8vo,

paper; net 50 cents, postpaid 54 cents

By HAMILTON FORD ALLEN
The Deification of Abstract Ideas in Roman Literature and Inscriptions, 102 pages, 8vo, paper; net

75 cents, postpaid 80 cents
By HAROLD L. AXTELL

Decimus Junius Brutus Albinus. 114 pages, 8vo, paper: net 75 cents, postpaid 80 cents
^By BERNARD CAMILLUS BUNDURANT

The Role of the MdY€ipoi in the Life of the Ancient Greeks. 100 pages, 8vo, paper; net $1.00, post-

paid $1.05
By EDVVLN MOORE RANKIN

The So-Called Rule of Three Actors in Greek Classical Drama. 88 pages, 8vo, paper; net 75 cents,

postage extra
By KELLEY REES

4
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CONSTRUCTIVE BIBLE STUDIES
The Constructive Bible Studies are the outgrowth of the conviction that the prevailing

systems of Sunday-school instruction are insufficient to meet the growing demands of the

times. Believing the Sunday school to be the great educational branch of the church, the

editors have sought to produce a series of religious textbooks, based on the fundamental
laws laid down by trained educators. One of the most important of these laws is the

principle that the curriculum must be adapted to the capacity of the pupils, giving to each

grade work which is suited in material and method of treatment to the stage of develop-

ment of the pupils. The studies comprise four series, each corresponding to a definite stage

of development in the pupil.

KINDERGARTEN SERIES
One Year of Sunday School Lessons By FLORENCE U. PALMER Postpaid $i.oo

ELEMENTARY SERIES
Child Religion in Song and Story By GEORGIA L. CHAMBERLIN and ^IARY ROOT

KERN Teacher's Manual, postpaid $i.oo Pupirs Nolebook, postpaid 40 cents

An Introduction to the Bible for Teachers of Children By GEORGIA L. CHAMBERLIN
F

Postpaid $1.00

The Life of Jesus By HERBERT W. GATES Teacher's Manual, postpaid 75 cents

Notebook

SECONDARY SERIES
Studies in the Gosp3l According to Mark By ERNEST DEWITT BURTON Postpaid

$ CO

The Life of Christ By ERNEST DEWITT BURTON and SHAILER MATHEWS
Postpaid $1.00

A Short History of Christianity in the Apostolic Age By GEORGE H. GILBERT Post-

paid $1.00

ADVANCED AND SUPPLEMENTARY SERIES
The Priestly Element in the Old Testament By WILLIA^I RAINEY HARPER Post-

00

Prophetic ]

paid Si.00

WILLIAM RAINEY HARPER Post-

A Short Introduction to the Gospels By ERNEST DEWITT BURTON Postpaid $1.00

A Handbook of the Life of the Apostle Paul By ERNEST DEWITT BURTON Post-

paid 50 cents

Christianity and Its Bible By HENRY F. WARING Postpaid $1.00

HELPS FOR SUPERINTENDENTS AND TEACHERS
Principles and Ideals for the Sunday School "By ERNEST DEWITT BURTON and

SHAILER MATHEWS Postpaid $1.11

An Outline of a Bible-School Curriculum By GEORGE W. PEASE Postpaid $1.65

Hebrew Life and Thought By LOUISE SEYMOUR HOUGHTON Postpaid $1.65

The New Appreciation of the Bible By WTLLARD C. SELLECK Postpaid $1.63

following

The Mathews

school age By ISAAC BRONSON BURGESS
Studies in Samuel By HERBERT LOCKWOOD WILLETT
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BOOKS IN PRESS

Old Testament and Semitic Studies in Memory of William Rainey

Harper
Edited by ROBERT FRANCIS HARPER of the University of Chicago,

FRANCIS BROWN of Union Theological Seminary, and GEORGE
FOOT MOORE of Harvard University

2 volumes, each about 400 pages, royal 8vo, cloth; net $10.00, postage extra

The collection contains a portrait and an account of the life and work of William

Rainey Harper. An edition of seven hundred copies will be printed from the type. Sold by

subscription only.

Descriptive Geography of Palestine

By PROFESSOR LEWIS BAYLES PATON, of Hartford Theological Seminary

96 pages, 8vo, cloth

Recent residence in Jerusalem and a thorough study of the literature, both ancient and

modern, have qualified the author of this little volume to write interestingly and authori-

tatively on the topography and archaeology of the Holy Land. The facts as presented are

precisely those which the student of the Bible needs to know. The book will be fully illus-

trated, and will constitute a notable contribution to the subject.

Sidelights on Biblical Chronology, Part i

By OLAF A. TOFFTEEN, Professor of Semitic Languages and Old Testament
Literature in the Western Theological Seminary

250 pages, 8yo, cloth

This is an examination of the data furnished by the monuments bearing on biblical his-

tory, and constitutes an elaboration of the first chapter in Ancient Chronology. W^hile it

would be perhaps too much to say that Dr. Toffteen reaches conclusions altogether new, he

has displayed the same independence of research and reasoning which characterizes his treat-

ment of the broader subject of "ancient chronology." The result is an able, fearless, and
scholarly statement of views concerning historical data of the Bible.

Value and Distribution

lERBERT J. DAVENPO
the University of Chicago

Economy in

500 pages, 8vo, cloth

The author thus defines his position in his preface: "Since the time of Adam Smith,

economic theory has been in possession of doctrines enough for a reasonably complete, con-

sistent, and logical system of thought—if only those doctrines had been, with a wise eclec-

ticism, properly combined and articulated. The emphasis in the present volume upon the

entrepreneur point of view in the computation of costs and in the analysis of the process by
which distributive shares are assigned, has nothing new in it; it was necessary only that the

point of view be clearly distinguished, consistently held, and fully developed."

The Process of Government : A study of Social Pressures
By ARTHUR F. BENTLEY

432 pages, 8vo, cloth

The author gives a critical review of current analyses of the process of government,
and then elaborates a theory in which "social pressures"—i. e., the stresses exerted by
the various social elements—are treated as a basic factor. The work is not intended for the

general reader, the technical vocabulary of political science being freelv used.
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Botanical Apparatus and Supplies
for Morphology, Physiology, Ecology

SPECIALTIES
Potometer, Clinostats, Auxometer, Wardian

Cases, Clement's Photometer, Etc.

SECOND EDITION, ILLUSTRATED

AN INDISPENSABLE BOOK
FOR UDEN TAN

Methods in Plant

% CHARLESJ. CHAMBERLAIN, Ph.D.
of the Department of Botar^ in the

University of Chicago

^^^'HIS BOOK contains directions for collecting and preparing
M I plant material for microscopic investigation. It ti based

^J^ upon a course in botanical micro-technique, and is the first

complete manual to be published on this subject. It aims
to meet the retjuirements. not only of the student who has the
assistance of an instructor in a fully equipped laboratory, but
aiso of the student who must work by himself and with limited
apparatus. Freehand sectioning, the paraffin method, the celloi-
oin method, and the glycerin method are treated in considerable
«ctall. In later chapters specific directions are given for making
such preparations as are needed by those who wish to study the
Piant kingdom from the algae up to the fiowering plants. For-

caJ I K^*"'
KJven for the reagents commonly used in the histologi-

The new edition includes a description of Klebs's methods for
securing reproductive phases in the algae and fungi, and chap-

fr
^ S^ i Venetian turpentine method, microchemical tests,

^ee-hand sections, special methods, and the use of the micro-
scope. The volume is thus enlarged from 168 to 272 pages.

S2.25nef; S2*39 postpaid

THE UNIVERSITYOFCHICAGO
PRESS <^^^<^^00 and NEW YORK

For showing on the screen opaque objects, book
illustrations, engravings, and lantern slides.

It is the most perfect instrutnent of its kind.
It has a detachable Book-Holder.
It concentrates all light on the object.
It shows printed matter correctly.

Dired Vision Spectroscopes
Diffraction Gratings

Especially arranged for educational use. We
can import these duty free at extremely low prices.

Wireless Telegraplt Outfits
For school room and experimental work. Com-

plete sending and receiving stations.

Lantern Siides—microscopic Slides
Illustrating Botany, Geology and other scl

Lists on application.

WILLIAMS, BROWN & EARLE,
Dept. 24. 918 Chestnut Street, Philadelphia, Pa.

.AM

FOR SALE
SET OF

SARGENT'S SUVA OF NORTH AMERICA
Fourteen volumes in original boxes. Cost $350,00 net

;

offered at $265.00 net. Also a number of books on

FORESTRY AND BOTANY
Address W. W. ASHE

FOREST SERVICE WASHWGTON, D. C.
r'^TTSaro^

THE THEORY OF EDUCAliON IN THE
REPUBLIC OF PLATO

By the ]ate Pko>'essor R. L. NETTLESHIP
This essay by one of the best classical scholars of Cam-
bridge University has been practically inaccessible to

American readers. This new edition will be welcomed by

students of educational theory. 150 p^es; small 8vo; net

75 cents, postpaid 79 cents.

ADDRESS DCPT. W

THE IWVEKSJTY OF CHICAGO PRESS • CHICAGO and NEW 1

*tCp*Ti

A Laboratory Manual of Physiological

Chemistry

By Ralph W. Webster, of the Department of Physiolujfica*

Chemistry, and WALDEMAR KOCH, of the Dcpatttnent o*

Pharmacolos^, of the University of Chicago.

ti^pages, inUrltaved, Bvo^tltfth; netpJO, postpaid U^^

This manual Is intended primarily for the use of sni

dents in the laboratory, but contams also much vahiabfe

information for those wishing to gain a sound genera)

knowledge of physiological processes.

"A valuable laboratory course."— r** OuiUok.

"The experiments .... are clear and trustworthy In detail.

—The r.ancet (t^Ottdoa) .

ADDKESS DEFT. 9

The University of Cblcaflo Press
THICAGO

Nf\V YORK
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this

life,

What will be the real issue in the next presidential campaign? bome say

the tariff; others say the trusts. Both are right, but even more important

than these will be our colonial policy. Every American knows that we must

face the questions raised by the Philippines and Cuba. They have already

involved us in one war. Will they involve us in another?

THE WORLD TO-DAY for 1908 will not neglect the trusts and the tariff, but it

believes that the time has come for a broad and intelligent discussion of

OUR COLONIAL EMPIRE
During the coming year we shall publish as a leading feature two groups of articles on

important need. One, comprising seven articles, will be descriptive, and will describe the

resources and opportunities offered America in the

PHIUPPINES
HAWAII

CUBA
PORTO RICO

PANAMA
ALASKA

The amount of information at our disposal, the new photographs we shall reproduce, and

the interest in the subjects themselves, will make this series one of the most readable and fasci-

nating ever published in any magazine. The contributors are recognized authorities. Another

group of articles will deal with the problems which these possessions raise. They will consist

of five discussions by some of the most prominent men in America of the following subjects:

3.

5.

Can the United States Afford to Have Colonies?
Can the United States Defend Its Colonies?
Can the United States Administer Its Colonies?
Can the United States Americanize Its Colonies?
How Could the United States Give Up Its Colonies?

THE WORLD
will be the first of tw

It

THE PHILIPPINES
By HAMILTON M. WRIGHT, Author of "A Handbook of the Philippines^'

Mr. Wright is one of the best known authorities on the Philippines and the article will be
fully illustrated in colors from new photographs taken by him especially for the purpose

CARTOONS IN COLOR
Another striking and novel feature of THE WORLD TO-DAY for 1908 will

be a series of Cartoons in Color by the well-known artist, G, C. Widney. They
are not caricatures, nor personal, nor partisan, but real works of art

—"Edi- j^ t^ -t ^-
torials in Color," on great themes of current interest. y^"*^ a^P \^ <v\

These are but two of the many strong features that give THE WORLD-TO-
DAY an individuality of its own. THE WORLD TO-DAY is a world review,
but not a lifeless record of events. The reader will find in it illuminating and
fascinating discussions of living events and living people. No matter how
many magazines you take, it is different from them all.

The only Magazine of its Class at a Popular Price of$1.50 a Year,
Send $1.50 for a full year, or at least for a trial subscription of 3 Months
for 25 Cents. Fill in coupon and mail at once. If you read the first
article on OUR COLONIAL EMPIRE you will want them all.

THE WORLD TO-DAY CO., Chicago ^K^"
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Praga, Rovetta, Serao, and other leading writers,
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Catalogpae mailed on application.
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AT LIBERAL DISCOUNT

BEFORE BUYING BOOKS
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slips of Books at reduced prices

sent for ten-cent stamp

TO THE READER
Please remember that whenever you need a
Book, or any information about Books, if you
will address me 1 will try to please you by atten-
tion and low prices.
Write me of your wants, or call and inspect
stock, and in either case I will make you special
prices.

F E GRANT
23 ^W. 42d street New T
Mention this advertisement and receive a discoont

f

We Make No Charge lor

this Book Case
This compact little revolving book case is built of solid oalc,

dark Mission finish, and will hold about seventy volumes of
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ON TWIN HYBRIDS

Hugo de Vries

In the group Onagra of the evening primroses the hybrids between

different species are, as a rule, constant and uniform through the

succeeding generations. In this respect they comply with the com-

mon rule for the majority of the characters of specific hybrids. Only,

on account of the scarcity of regressive marks in this group, the

phenomenon of constancy is allowed to show itself pure and complete.

An exception is afforded by Oenothera hrevistylis^ the character of

which splits up according to the formulae of Mendel.^

As an example of a constant hybrid race I quote the O. muricafaX

biennis. It has been found uniform through at least four generations.

In the second, the one in w^hich Mendelian marks are seen to split,

I cultivated over 80 flowering plants and over 100 rosettes, but no

differences could be detected. Last summer (1907) I cultivated,

on neighboring beds, 35 plants of the first and 18 of the fourth genera-

tion. Both groups produced a number of flowering stems, but, apart

from the ordinary fluctuating variabihty, the characters were exactly

the same in all the specimens. They had the flowers almost hkc those

of O. biennis^ but dense and richly flowered spikes like the O. muricata.

The types of the species used for this experiment were the forms

which occur everywhere on waste places throughout Europe, having

been introduced, the first from Virginia and the second from Canada,

about three centuries and one century ago respectively. They are

probably the types on which Lixxaeus based his descriptions of the

species. In the United States, however, these Linnean species con-

' Die Mutationstheorie 2:429.

401
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sist of quite a number of subspecieS; of which I collected over a dozen

in Kansas, JMissouri, Illinois, and elsewhere, during the summer of

1904. On sowing them in my experiment garden, I observed them

to be fairly distinct, each constituting a sharply defined type- The

form which is the most common throughout the United States is not

the same as the one introduced into Europe, neither for O. biennis

nor for O. muricata, as has also been pointed out by MacDougal

for O. biennis.

All these numerous elementary species agree with one another in a

most interesting character. Their anthers touch the stigma, open

themselves in the bud, and oroduce fertilization before the flower

opens,

admitted

finished

very

do occur, since I collected the hybrid of O. muricata and O. biennis

in the dunes near Amsterdam, and even more than once. A simple

means of pure self-fertilization may be derived from this pollination

within the bud. I cut the buds of our O. biennis one or two hours

before opening, cutting through the middle of the tube, and the pods

developed as strongly and produced as many good seeds as those whose

flowers were allowed to be visited by bees. The flowers of O. LamarcH-

ana, O. Hookeri, and other large-flowered species, on the contrary,

are not fertilized in the buds, but are in need of the help of insects

(moths, bees, and bumble-bees).

The specific hybrids of this group of Onagra differ in a very con-

spicuous way from ordinary hybrids in so far as the reciprocal forms

often are not identical, but differ widely from one another.^ Although

I have observed this fact in numerous cases, it is not a general rule.

The hybrid O. LamarcManaX gigas is identical "vvath O. gigasX

Lamarckiana, In the same way the species of the subgenus Euoeno-

those of Onagra yield uniform hybrids. I crossed

th O. biennis. O. muricata. and O. Lamarckiana

with

the O. Sellowii with O. biennis^ O, muricata, and

and observed their reciprocal hybrids to be identical.

Within the group of the Onagras, however, the reciprocal hybrids

are in most cases different, and with a few excentions are more similar

to their

clinous.

They are, as it is called, patro-

wi

a Die Mutationstheorie 2:471.

<,^
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cata and O. biennis in their subspecies from our European dunes.

mig
for it, since it is broad-leaved and large-flowered. The O.hientiisX

muricata, on the other hand, is narrow-leaved and small-flowered

like its male parent. During the summer of 1907 I cultivated the

first and second generations of the latter type and found them uniform,

but in almost all respects different from the O.muricataX biennis.

Especially the flowers are of a deep yellow and strongly scented,

while those of O. muricataXbiennis are pale and faintly scented.

This difference between the reciprocal hybrids is also clearly

manifest in the crosses of O. Lamarckiana with the types of our dunes.

The O. LamarckianaX biennis has been described in my Mutations-

theorie (2:31) for two generations, the third having only been culti-
r

vated in 1907. The O. LamarckianaX muricata has been described

and figured in the same volume (see page 29), but I have not as

yet succeeded in getting a second generation, partly on account of

the weakness of the type and partly on account of the general phenome-

non of strongly diminished fertiUty in all these primrose hybrids.

The reciprocals of the two hybrids just mentioned afford the

curious and rare phenomenon which I call that of the twin hybrids.

In crossing one spike of O. biennis with the pollen of one plant of O.

Lamarckiana, one does not get one but two hybrid types. The same

holds good for O. muricata. These forms are intermediates between

the parents and almost alike when seen from a distance, but sharply

distinguished when closely examined. These differences are the

same whether O. biennis or O. muricata is the mother plant, the

hybrids showing their divergent origin only in apparently sub-

ordinate marks. One of the twins has broad and flat leaves

of a bright green: I call it O. laeta. The other has narrow, more

furrow green, which are more

ry, and is therefore designated O. veluiina. These same names

may

occur

The twin hybrids, O. laeta and O. velutina, occur in numerous

hybrid combinations where O. Lamarckiana or one of its mutants

is the pollen parent; as for instance with O. brevistylis, O. rubriner-

vis, and O. nanella. In these cases they drop, at least in the first
>¥
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generation, the special mark of the mutant-father, and so are the same

in all the cases named. The mother plant may be O. biennis, O.

bienjtis cruciata (a form of O- biennis with linear petals which occurs

in the dunes of Holland), O. muricata, or some other species of

Onagra, although not all of them are capable of producing twins.

In the cases named the twins are widely different from their

reciprocal hybrids, but closely related between themselves. Their

characters often show transgressive fluctuability, and as a result of

this they are more easily distinguished at some periods of their Hfe

than at others. The better the culture and the stouter the plants,

the larger and more striking are the differences. Especially speci-

mens which contrive to make a large rosette of root leaves before they

send up their stem, and therefore begin flowering only late in the fall,

are hable to display their differential marks in a most striking manner.

The twins are usually produced from the same cross in about

equal numbers. On account of their highly diminished fertihty it is

difficult to get large cultures of their progeny, for even when the pods

are large and contain an apparently full supply of seed, the germinat-

ing percentage is often very small. The following figures, however,

will suffice to state the fact.

TABLE I

O. LAETA AND O. VELUTINA IN EIRST GENERATION

Number of Percentage Percentage
Mother Father progeny of laeta of velutina

O. biennis X O, brevistylis 85 47 53
O. biennis X O. rubrinervis- 50 42 58
O. b. cruciataX O. brevistylis 91 48 52
O. muricata XO. Lamarckiana 58 61 39
O. muricata X O. brevistylis 120 59 41
O. muricata xO. nanella 59 58 42

Average 52 48

In this experiment the parents have been those described above,

and the crosses have been made by myself in the summer of 1905-

The countings have been made during the flowering-season of 1907,

only a small part of each of the cultures having remained rosettes;

but the distinguishing marks in these were as evident in the fall,

as those of the flowering plants. Some crosses, tried in previous

me
exact counting.

t

i
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In the young plants, before the sending-up of the stems, it is of

course easy to count far larger numbers of plants, but the influence

of transgressive fluctuability is somewhat greater. I counted for

O. hiennisXbrevistylis 287, for O. biennis XLamarckiana 347, and for

O. biennis cruciataXbrevistylis 208 seedlings, and found 55 per cent.,

60 per cent., and 64 per cent., or on an average 60 per cent* specimens

of O. velutina^ the remaining 40 per cent, being O. laeta. The figures,

although from the cause given not as exact as those given above,

evidently confirm the result.

Tried in the second generation, from artificially and purely self-

pollinated seed, each of the twins yields a uniform progeny, with

exactly the same characters as its parent. Therefore they may be

considered as constant hybrid races. I made the majority of the

crosses of the following table in 1903; had the first generation, which

often consisted of only a few specimens on account of the dimin-

ished fertiUty, in 1905; and counted the forms in the second genera-

tion during the flowering-period of 1907. Most of the plants were

counted in full flower, some of them, however, in the condition of

rosettes of root leaves. Only for 0. muricataXbrevistylis the cross

was made in 1905 and the second generation grown in 1906-

TABLE II

Constancy of O. laeta and O. velutina in secoxd generation
Second generation

Cross First generation laeta velutina

O. biennis X Lamarckiana \ ^^^^^^^
'^

o

O. biennis cruciata XLamarckiana •] i *: o q *

O. muricataX Lamarckiana -I

^,^i^^i^^ q ^^

O. biennisX rubrinervis \ ^^^^^^
^°

t

O. biennis cruciataX rubrinems
j y^i^^[^g_ ^o 3

O. muricataXbrevistylis. ............
| ^^^^^ ^ ^

Total 122 131

I also tried this result by counting seedling plants as soon as they

clearly showed their differentiating marks. From O. laeta seed I got
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only laeta; from O. velutina seed only velutina. The observed cases

for O. /a^/a were : O. biennisXrubrinervis (150), O- biennis cruciataX

Lamarckiana (18), the sameXO. rubrinervis (143); and for O- 2;e/w-

tina^ O. muricataX Lamarckiana (126), the sameXO. rubrinervis

(195), and the sameXO. brevistylis (190). The figures in parentheses

show the numbers of seedhngs observed; together they give 311

seedlings of O. laeta and 511 of O. velutina.

It should be stated here that in the cross between O- muricata and

O. brevistylis the character of the last-named species followed the

MendeUan law in the case of both of the twins. The 34 O. laeta

contained 30 per cent., and the 57 O. velutina 21 per cent., together

also 26 per cent., of short-styled individuals, which bore in their

leaves and flower-buds and in the flattened lobes of their stigma all j

the characteristics of their male grandparent. The O. brevistylis

character is thereby shown to be independent of the hereditary units

which cause the production of the twins.

The third and fourth generations have been cultivated in only one

case, as yet, which was a cross made between O- muricata and the

pollen of O. Lamarckiana in 1901. The O. laeta in this case was

entirely sterile, and so only the O. velutina could be studied. It

gave a constant progeny of small extent, the fertility in artificial self-

pollination remaining in a diminished condition.

TABLE III

Constancy of O. velutina dxiring fotjr generations

Cross oj O. muricataX 0, Lamarckiana
O. laeta from

Generation Q. laeta O, Telutina O. velutina

Cross, 1901

ist generation, 1902 35 (sterile) 35
2nd generation, 1903-4 — 27
3rd generation, 1905 —

53

o
o

1907 — 60 o

All in all 175 plants were observed, all bearing the same characters-

The phenomenon of twin hybrids seems to be very rare in plants.

There can be do doubt that its occurrence in Oenothera Lamarckiana
is intimately connected with at least part of the special maimer in

which this species displays its mutability. The production of some
of the mutants seems to be ouite dpnendpnt imnn \t fhnuah that of

y

r

1

i
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Others is independent. But I must

ments on this point for another occasion

reserve

SUMMARY

!• Hybrids between members of the group Onagra or the O.

biennis group of the evening primroses are, as a rule, constant in

succeeding generations. An exception is O. brevistylis, the char-

acter of which follows Mendel's law.

2. The reciprocal hybrids of this group are, as a rule, unlike one
^ + -

another, and mostly patroclinous.

3. In many cases, where O. Lamarckiana or one of its derivatives

is the father, two forms of hybrids are produced instead of one. These

forms may be called twin hybrids.

4- One of the twins is broad and smooth-leaved and is called O.

laeta; the other is more hairy and has furrow-shaped leaves, and is

designated as O. velutina.

5- O. laeta and O, velutina are produced by the combinations O.

biennisX Lamarckiana and O. muricataX Lamarckiana, and by those

of some of their derivatives,

6. They are produced in about equal numbers.

7. They remain constant in the second generation. In the only

ascertained case they also showed themselves so in the following

generations.

Amsterdam



A CONTRIBUTION TOWARD A KNOWLEDGE OF THE
GENUS WASHINGTONIA

r

S. B. Parish
r

w

(with twelve figures)

"We followed the sandy bed of the Carriso nearly all day at a

snail's pace, and at length reached the * little pools/ where the grass

was luxuriant, but very salt* This valley is at no point more than

half a mile wide, and on each side are mountains of gray granite and

pure quartz. A few miles from the spring called ^Ojo Grande,'

at the head of the creek, several scattered objects were seen, projected

against the cliffs, hailed by the Florida campaigners, several of whom
were along, as old friends. They were cabbage trees, and marked

the locale of a spring, and a small patch of grass."

In these words we have the record of the discovery of the Wash-

ington palm. The date was November 28, 1846, and the discoverers

were the party of the military reconnoissance under Major W. W.
Emory, now nearing the end of their long journey, through unex-

plored mountains and arid deserts, from the Missouri River to San

Diego*

Seven years later a company of surveyors under W. P- Blake,

engaged in exploring a route for the projected Pacific Railroad, entered

the Colorado Desert through the San Gorgonio Pass, on their way

to Fort Yuma, the route now followed by the Southern Pacific

Railway. On November 15, 1853, they reached a little nook, nestled

under the shadow of rugged San Jacinto Mountain, which afterward

came to be known asAgua Caliente,and more recently as Palm Springs.

i. growth of rushes," says the itinerary, "forms

green vegetation around the spring and its out

squite bushes grow there also, and I found a

Willows and

spreading its broad, fan-like leaves among them. The surrounding

desert and the palm tree gave the scene an oriental aspect." Hidden

grov

unaware

presence.

Botanical Gazette, vol, 44]

i
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Dr. C. C. Parry has recorded ('81) that he also became acquainted
with the desert palms in 1 849-1 850, while botanist of the Mexican
Boundary Sur\'ey. But in the introduction to the Botany oi the

boundary he made no mention of these notable trees, while enumerat-
ing so many of the remarkable plants of the Colorado Desert. Neither
do they find a place in the body of the volume; nor are they mentioned
by the botanists who reported upon the collections of the Pacific

Railroad Surveys.

Not until 1 86 1 did they receive botanical recognition, and was an

made to assign In
Dr. J. G. Cooper pubhshed (Smithsonian Report for i860) the

names of certain trees "omitted, by an oversight, from a list of those

on the Mexican boundary" which had appeared in a preceding

report Mart." Cooper

Hayes
and he notes their thready segments and prickly petioles, and states

that the fruit is edible.

The matter rested here for eleven years more, when the attention

young

leed reported to

t. At first they

were thought to belong to Brahea or to Prichardia, but in 1879 Dr.

come

Wendland

ingtonia,

gave the name Wash-
a American

m gardens as Brahea or Prichardia fiiiji

THE GENERIC NAME

It appears, however, that there had been some previous sugges-

tions as to the bestowal of the name of Washington upon certain

' Probably not the Palm Springs of Blake's Report. Dr. Hayes accompanied as

assistant surgeon the government expedition which in 1858-59 sur\'eyed an emigrant

route from EI Paso to Fort Yuma. Later he made some botanical collections near

uma

may
customary route at that time. This "Palm Springs"

viORY. There is a sketch of Dr. Hayes's life in Seeman's

Botany 4:153.

and
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Other plants. A Dr. Winslow had proposed that the Californian

Sequoias might fitly bear that honored name. For this reason SuD-

WORTH, in 1897, proposed ('97) to substitute for Wendland's name

the cacophonous chloronym Neowashingtonia. In this he has been

followed by some American nomenclaturists, but not by European

palmographers. •
. . .

In the same year Brixton and Brown'^ transferred the umbellif-

erous plants commonly known as Osmorrhiza to Washingtonia Raf.^

a disposition subsequently accepted, with confessed reluctance, by

Coulter and Rose.^

It would seem evident that one of the leading Drinciples which

le nomenclature

rpreted in the i Changes

name should be made

name

be left undisturbed. Tried by this standard it does not appear that

either of these proposed changes is justifiable. Winslow^S alleged

publication is valid neither in its character nor in its vehicle. It

occurs in the course of a rambling popular account of a visit to the

Sierra Nevada, pubhshed in the California Farmer of August 24, 1854,

a farmer's w-eekly of the ordinary type. Possibly the original defect

might be considered to have been cured by the quotation of some

paragraphs of Winslow's letter hi an article on "The big tree,"

by HooKER,3 and by Carriere's citation in the synonymy under

Wellingtonia gigantea.^ In any event, Washingtonia as a name for

the Sequoias lapsed at once into hopeless synonymy, leaving it, under

the Intemational Rules of Botanical Nomenclature, open for subse-

quent use.

The facts in the other case are these. In 1818, in. a review of

Pursh's Flora^ Rafinesque remarks that, in his opinion, Chaero-

phyllwn Claytoni Pers. had been incorrectly referred; and he

contmues

:

Gonantherus

posed for it, Washin

Brixton and Brown,

XJL

Hooker, Jour. Bot. and Kew Garden Misc

CarriJ:re. Traite des Conif^res. VA. 1. ^t>
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(

Fig. I Wendl. (the riffbt-hand

Italy.
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is perhaps the best/^^ and ia the following year he did publish this

second name.^ In order that we may be enabled to make a confusing

change in two familiar names, therefore, we must hold that Rafin-

ESQUE published a name when he expressly disclaimed so doing, and

did not publish it when he formally undertook the task.

NAME OF THE TYPE SPECIES

Here it is convenient to consider another nomenclatural question.

Wendland's original species was published as W. filifera; but in

his Revisio, Kuntze (^qi) proposed to change it to W. filamentosa^

on the ground of priority, citing in support ^'Brahea filamentosa

Wendl. in Cat. Haage & Schmidt (1875), Prichardia filamentosa

Wendl. ex Fenzi in Bull. Soc. Tosc. (April, 1876)." To seek in a

tradesman's catalogue for a pretext for displacing an established name,

requires a lust for change almost amounting to a mania. But if an

appeal to trade-lists is to be made, priority is against the change, for

Haage and Schmidt offered Brahea filamentosa in their autumn

catalogue of 1875, t^^t in the spring of the same year Linden in his

list had put the same plant on the market as Prichardia filijera

(Fenzi '76). Prichardia filamentosa of Fenzi's paper is a nomen

nudum, being without a word of scientific description, or any reference

to a published species* As the proper specific name, filamentosa has

absolutely no standing.

the source of washingtonia filifera

When we pass from the consideration of names, w^e find ourselves

confronted by questions of greater difficulty- What precisely was

the palm variously known to gardeners and seed-dealers as Brahea

filifera or Prichardia filamentosa, and to which Wendland gave the

Washingloma fi-lij Wendland
before him a few^ young trees which had been grown in the palm-

5 Am. Month. Mag. 2:176. 1S18. Laws
Nomenclature formulated by the Botanical Club of the A, A. A. S. See Canon 12 of

the latest revision of that code, in Bull. Torr. Bot. Club 34: 171. 1907.

6 Jour, Phys. 89:257. 1819.

7 There could have been but few of these trees, for, in a letter to the writer^ M.
LuciEN Lestden, the present head of the house, writes: "Vers 187a mon pere a refu

d'un dizaine des graines de ce palmier qu'il avait rapporte d'un voyage en Californie,"

In his original description Wendland states that it was introduced by Linden in

1869, but this is evidently an error.



YiG. 2.—A leaf from the tree shown in fig.
i.

I
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houses of Linden in Ghent. It seems certain that the seeds were

brought to Europe by Roezl.^ They purported to have been col-

lected in Arizona, near the Colorado River, and Fenzi ('76)^ even gives

latitude and longitude, which would locate the parent trees in the

neighborhood of Prescott, Arizona, a region rather of pines than of

palms. Definite as are these statements, it is impossible that Roezl

ever could have seen a Washingtonia growing spontaneously or

have collected its seed. The seeds which he carried to Europe he

must have received from another, probably in San Francisco, and

with them an inaccurate or misunderstood account of their source.

Roezl appears to have made but a single visit to America. He

left Europe in August 1872, landing at New York, and proceeding

by way of St. Louis to Denver, where he made his headquarters.

On September 6 he wrote from that place that he had sent home six

boxes of Yucca angustifolia, some cactuses, and bulbs of Calochortus.

He then made a trip, of a fortnight's duration, into northern New
Mexico, where he saw Abies concolor^ Yucca haccata^ and Ipomoea

leptophylla. On October 3 he wrote from San Francisco, telling of

his route, by the Union and Central Pacific Railways, through Utah

and Nevada. He remained in San Francisco until about November i,

when he sailed for Panama. ^°

The early reports of the location of the parent trees proving unre-

liable, we are left without any authentic information as to the source of

Linden's seeds. They may have come from native trees in the

region now known to be occupied by these palms, or from some of

the older cultivated trees in southern California. There is reason

to believe that some of the earliest subsequent importations of seed

W. Dunn
northern

Arizona

gesammelt

wird" (Drtjde

9 "La scopeta di questa Palma se debba all' intrepide B. Roezl, che Taviabbe

retrovata nell* Arizona (Stati Uniti), dove cresca spontanea sulle rive del Colorado,

a circa 115° de longitudine ouest del meridiano de Parigi, e circa de 35** latitudine

nord.
w

10 Notices of Roezl may be found in Gartenflora 1874:49; 1889:330; Jour.

Bot. 1874:384; Gard. Cbron. 2:521, 1889. He died at Prague, October 14, 1889.

at the age of 61 years.
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WASHINGTONIA ROBUSTA

from

origin of Wendland's W. filifera to his description of that plant,

we find it unsatisfactorily vague, as is also the later characterization

of his second species, W. robusfa; while among writers and culti-

vators there exists great confusion and misapprehension as to the

identity of the two species.

Wendland (^8^) founded on youn

HOUTTE

r,<

K
'1,

Fig. 3.—W, fiUJera var. robusta (Wendl.) Parish; very old trees at the western

tnargin of the ancient lake bed, Colorado Desert.

borders
mf X — J sr —

'

of the Sacramento River." Van Houtte
the name of the soecies alreadv known, ai

)duct was at first sold, until Wendland recognized them as dis-

ct, and published the name W. robusta (Andre *9S)-

It is significant that about this time collectors began to secure

palm seed at Palm Springs, in

that this place was the true

inced

Wendland
re identical

recognized It was on material

Watson ('80) based

M
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the genus and of W. filifera, the first formal and satisfactory description

of either genus or species.
* w

CONFUSION RESPECTING THE SPECIES

From what has now been stated it will be understood that con-

fusion might readily arise as to the identity of these two species.

from

misglass; and the indigenous source of each was either

or misrepresented. Added to this is the undoubted fact that soon

after the publication of the second species, certain dishonest dealers

were accustomed to fill orders for either from the same draw^er, the

only difference being in the price. Moreover, in recent years, through

honest misunderstanding, the seeds supplied to the market as "true

W, robusta^^ belong in reality to an undescribed species. Naturally

the product of these falsely named seeds adds to the confusion. It

happens, therefore, that neither of the palms known in California

as W. filijera and W. rohnsfa bears its true name.

A clue in these difficulties w^ould be found could we ascertain

exactly what was Wendland^s W. -filijera^ but this seems impossible.

The only practical course is to accept as representing this species

certain mature trees growing in the Riviera, which are recognized

by European authorities as authentic specimens of Wendland^s two

palms. They are distinguished by a character which does not appear

in either of the original descriptions, and one too marked, it w^ould

seem^ to have been overlooked. Yet in the native groves of the

desert, where it is to be seen, it has been overlooked by the many

While not entirelyem
,position

standing of the genus.

my

key to washingtonia

Petiole acuminately prolonged in the blade.

Blade abundantly filiferous.

Margins of the petiole unarmed near the blade i. W, filifera.

Margins of the petiole armed throughout ; . , . la. W. filifera robusta.

. .
Margins armed only near the base i&. W, filijera microsperma.

Blade destitute of filaments or nearly so 2. IF. gracilis.

Petiole obtuse at junction with the blade 5. W. sonorae.
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I

Fig. 4
California,

Leaf of W. filijera rohusla, from a cultivated tree at San Bernardino,

I
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I. Washingtonia filifera Wendland, Bot. Zeit. 37 : 68. 1879.

Figs. I, 2.

- Margins of the petioles armed to the middle, or somewhat higher,

naked above; otherwise as in the following variety, so far as known.

There seems to be no reason for selecting this form as represent-

ing Wendland's species except that European palmographers so

3.

--x.-^3ht*^

-^

w

Fig. 5.—Paniclcj in full flower, of W. filifera rohusta, from a cultivated tree at

San Bernardino.

regard trees having this character which are growing in the Riviera.

There are some trees thus armed growing in the nati\Te groves at Palm

Springs, and they appear not to differ otherwise from the fully armed

ones. In the same groves there are also young palms, probably

corneous

armed

No of this kind were seen. A similar difference is



I

1907] PARISH—THE GENUS WASHINGTONlA 419

Fig. 6.—PF. filifera var. mkrosperma Beccari; in the gardens of Count Parra^-

cino, Campo Romano, near Viareggio, Tuscany. This tree was planted m 1878,

when 4-5 years old, and flowered for the first time in 1902.
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reported in the armature of the petioles of Erythea edulisy some trees

having naked petioles, while others show rudimentary spines.

la. Washingtonia filifera WendL var. robusta, n. comb.

—

W.

robusta Wendland, Garten Zeit. 2:198. 1883; W. filifera S, Watson,

Bot. Cal. 2:211, 485. 1880, and of American gardens; W.filameniosa

Kuntze, Rev. Gen. PL 2:737. 1891; Sargent, Sylva 10:47. P^^-

§-g. 1891; Neowashingtonia filamentosa Sudworth, U. S. Dept.

Agr., Div. For., Bull. 14:105. 1891.

—

Figs. 5-5.

Trunk stout, enlarged at the base, 20-27^ tall: petioles stout and

until old erect, 1-1.5"^ long, 1-1.25^ wide at the dark-brown base,

and one-half as wide at the blade; the upper surface concave, its

thin, light-brown margins corneous and armed for their entire length

with stout hooked spines, acuminately prolonged into the blade;

ligule papyraceous, acuminate, lacerate, 2-5^^ long; blades 1-1.5"^

in diameter, the 60-70 folds deciduously tomentulose on the lower

edges, cleft two-thirds to the base, the margin of the divisions abun-

dantly filiferous: panicle declined, exceeding the leaves, the primary

branches 4-5, each bearing 2-5 separated thryses, which are exceeded

by their ligulate, chartaceous, spathoid bracts; infioresence dense,

but becoming diffuse in fruit: seed excavated on the raphal face.

Borders of the Colorado Desert of southern California, at low altitudes, seldom

exceeding 350"^.

and The

exhale a heavy

perfume of orange blossoms

Washingtonl\ filifera WendL var* microsperma Beccari

in litt-, n. var.

—

Figs. 6,7.

armed
Differing in these respects only from the preceding.

Growing in the Riviera, but as yet not noticed in the natural groves.

2. Washingtonia gracilis, n. sp.—PF. robusta of California gardens,

not of Wendlaxd.—Figs. 8-10.

Trunk slender, at least 20"^ tall: petioles rather convex on the

upper surface, 7-10^ long, about i^"' wide at the brown base and

one-half as wide at the blade, the corneous margins armed with short

hooked yellow spines for the entire length, acuminately prolonged in

the blade; ligule pap}Taccous, narrow, the margin entire; blade
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Fig. 7 young fruit of IF- pijera microsperma. from a tree in

the gardens of Marquise Corsi, Sesto, near Florence, Italy.
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mm

r

3_jQdm j^ diameter, the folds 75-80, deciduously tomentose toward

the base beneath, cleft little more than one-third toward the base,

not filiferous except for an occasional single filament in the sinuses

of some of the folds: peduncles declined, exceeding the leaves;

primary divisions 6-8, each bearing 5-10 separated thryses, which

are mostly exceeded by their narrow, deciduous, chartaceous bracts;

flowers nearly sessile: calyx tubular-campanulate, 3"^^ long, the

short rounded lobes lacerate: tube of corolla 3^"^ long, its lobes erect,

narrowly lanceolate, 6-7"""^ long: filaments subulate, 3^"^ long,

the versatile anthers 4"^"^ long: seeds broadly ovate, 6-7 by 5

somewhat rugose on the raphal face.

Described from cultivated trees growing in San Bernardino and Riverside,

California; probably indigenous in northern Lower California.

This palm is readily distinguished from W, filijera and its varieties by its

slender trunk and smaller and less deeply divided leaves, which are without fila-

ments and on shorter petioles. It is a tree of rapid growth and has been exten-

sively planted in recent years in southern California, under the mistaken name

of W. robusta, the true W. rohista being known as IF. filifera. According to the

report of a reliable dealer, the seed from which the older trees were grown was

procured from indigenous groves in canons, running to the sea, on the coast of

Lower California, somewhere between the international boundary and Ensenada.

Cultivated trees, which now have been fruiting for a number of years, are the

present sources of the commercial seed. Much has been gathered from two

noble trees, among the oldest in cultivation, which ornament the lawn of Mn
D. W. McLeod, of Riverside.

4. Washington sonorae Watson, Proc. Am, Acad. 24:79. 1889;

25:136. 1890.

—

Fig. II.

This species is readily separable from the others by the obtuse

juncture of the petiole with the blade. I have seen only young plants,

and their leaves are very abundantly filiferous.

The type station is given bv Watson
about specimens

me that the trees grew ''in great quantities, and of great size, in the deep canons

running Dr. Watson

species certain specimens
\JMER at La Paz, in Lower California, and on the opposite side of the gulf

he trees in cultivation have been grown, probably exclusively, from seed collected

San Jos^ del Cabo, in the same region of Lower California,

The natives of the Cape region recognize three distinct forms of W. sonorae

wo of these—"Palma Blanca" and "Palma Colorada"—are distinguished b}
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Fig. S.—W. gracilis Parish; Victoria Avenue, Riverside, California. This tree is

about 25 years old and iS™ high; its circumference at sdm from the ground is 15
.
7$

I > »

the leaves have been removed from the trunk.
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/

the white or red color of the woody fiber of their trunks. The third
—"Palma

Nigra" is said to be a smaller tree, growing at higher altitudes, where winter

snows are not infrequent. Dr. Franceschi, to whom I am indebted for this

I

*

4

Fig. 9.—Leaf of W. gracilis, from a tree at the Santa Fe railway station, San

Bernardino, California,

information, has ^ovm many plants, at Santa Barbara, from seeds of each of

forms, but finds

any
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FRUIT AND SEED OF WASHINGTONIA

The fruit of Washingtonia is a small oblong drupe, black at

maturity, with a thin, sweetish, rather dry pulp. The seed is brown,

oblong to oblong-ovate, flattened, excavated or somewhat wrinkled

on the raphal face. The first of these raphal characters seems to

belong to W. filijera and its variety microsperma, the second to W.

'.-.

•^

•^0*

Fig. 10.
Lwn

W. McLeod, Arlingti

filifera rohusta and W. sonorae, and the last to W. gracilis. To de-

termine whether these characters are constant requires the study of

extensive series of authentic seeds from varied sources. For this the

material is not at hand. Fig. 12, for which I am indebted to Dr.

Beccari, represents the seed as at present understood.
w

additional notes on w. filifera robusta
r

Wendland's Washingtonia rohusta, long considered an obscure

if not, indeed, a mvthiral tree, is in realitv the one with which we have
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the fullest acquaintance. The type source of W. filijera is unknown,

the native home of W. gracilis remains unvisited, the haunts of W.

sonorae seldom have been penetrated, but many botanists have stood

beneath the groves of the desert W. robusta, and it has long been

familiar in cultivation in southern California.

Distribution.—Its distribution appears to have been determined
r.

by the boundaries of the great lake which, in the not very distant past,

occupied the central depression of the Colorado Desert- We may

reasonably suppose the shores of this ancient lake to have been

enlivened, here and there, with groves of stately palms. A few vener-

able trees still linger near the upper shore line of this vanished sea,

gaunt and ready to perish, and without offspring to succeed them;

but the most have retired to the caiions of the surrounding mountains.

homes

moistened

tions. The

distribution.

The most

moisture

miles

some of the neighboring washes. This belt may be considered the

center of distribution. The finest grove occupies, for a mile or more.

row Palm Cafion, on the opposite side of th

Jacinto Mountain. Here hundreds of fine

the stream or cling to the rockv bases of it: The

older trees are still vigorous, and there are abundant younger ones of

all sizes. It is convenient of access

Springs.

from

Most of the canons at the desert bases of San Jacinto

palms. Whitewater

estem southern outpost

northern limit

kno

Duration of the leaves.—It is seldom that one sees a desert palm,

either indigenous or cultivated, that has not been marred by human
agency. A naked trunk, crowned with living leaves, beneath which

is a mass of dead ones deflexed, is not the natural aspect of the tree.

The effete leaves, were they not artificially removed^ would conceal
1
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Fig. II.

Italy,

Watson
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the trunk, at least for the greater part of its length, beneath a gray

thatch, an ideal protection against the parching air of the desert.

The dead leaves are usually kept cut away from cultivated trees,

while it is almost impossible to find mature indigenous palms from

which the leaves have not been repeatedly burned. To so bum them

was the immemorial custom of the desert Indians^ and it has been

erroneously alleged that in this they were influenced by a superstitious
r

motive—the making of an offering by fire to the spirits of the dead.

In fact their purpose was purely utilitarian, namely, to facilitate the

gathering of the fruit, and, as they believed, to increase the fruit-

fulness of the trees. That the trees survive these repeated burnings

is evidence of their wonderful vitality.

The functional life of a leaf is about one year. How long the
r

dead leaves would remain attached to the trunk if undisturbed cannot

be stated; probably for a very long period. There is a row of trees

in San Bernardino fully ro"". tall from which the leaves have never

been removed, and the lowest are over twenty-five years old and still

firmly attached to the trunk. In a secluded nook of San Jacinto

Mountain there is reported to be a group of three majestic palms, 20^
m n

or more in height, whose trunks are clothed with a dense leaf-thatch

from crown to base ; their age cannot be less than a century. From
the burned trees the leaves eventually fall off in great masses, the

bases of the petioles seeming to have been violently wrenched loose,

and not to have naturally separated, as with deciduous leaves.

Ahoriginal uses.—The habitations of the desert Indians were mere

shelters, but naturally palm leaves, when easily procured, were utilized

in their primitive construction. Strands split from the leaves were

convenient for tying, and it is said were sometimes used for the spiral

coil with which they built up their baskets (Mereiam :03)." They
were also used in building the characteristic granaries used by these

Indians for storing the various seeds used by them for food.

Of these food supplies the fruit of the palm was an important

part. It was eaten fresh, and also dried for preservation. A favorite

method of preparing the dried fruit was by triturating it with water

1
1 The stems of a grass, Epicampes rigens, was the material commonly used for

this purpose. I have never seen a basket in the construction of which pahn leaves

had entered.
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mortar until a duIdv mass

was produced. The seeds were then separated and the pulp was

thickened with meal made from pounded ''chia" (Salvia), or grass

seed, or pine nuts. The bony seed itself was pounded intoThe bony seed itself was pounded into meal,

which Dr. Edward Palmer ('78), who seems to have tried it, pro-

nounces "not inferior to cocoanut/' a statement which may be accepted

with some reservation. The terminal bud also was baked and eaten.

The Coahuilla name of the palm is Mau-waL Each grove was the

property of a particular clan, to whom alone belonged the right to

gather the fruit.

An insect enemy.—The desert palm is not known to be infested by

any parasitic fungus, or to be subject to any bacterial infection. Its

sole enemy is the larva of a Bostrychide beetle, Dinapate Wrightii

Horn, the only species of the genus. The female oviposits at the

base of the living leaves, whence the lar\^a bores downward through

the trunk, its continually enlarging galleries becoming at length

jgmm
[j^ diameter. These are tightly packed, for. the most part,

with rejected gnawings. The larval life of the insect is three or

four years, perhaps even longer. The mature beetle has a lej Q

American

The number of contemporaneous larvae that may inhabit a single

nk has been estimated as high as 200 or 3C0; but ]Mr. W. G.

Wright
gated its habits, is of opinion that it would probably not exceed 50-

But even such a horde of huge and voracious grubs, in their compara-

tively long life, might riddle a whole trunk with their galleries. They

seem not to work any great destruction to the groves, however;

in fact, the only evidences of their presence to the ordinar}^ observer

are the exit holes in dead trunks.
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1886. Kinney, A., Rept. Cal. State Board For. i : 51.—IF. filijera in the Colorado

Desert. This paper is reprinted in U. S. Dept. Agr., Div. For. Bull. 2. 1888.

1886. Vischer, H., Rept. Cal. State Board For. 1:106.—Popular description

of W. filijera and its uses.

i886, Orcutt, C. R., Rept. Cal. State Board For. 1:51.—IT. filijera in Colorado

Desert and in Lower California.
4

1886. —'

^ West Am. Scientist 2:24.—Susceptibility of W. filijera and

W. robusta at San Diego, to injury by frost.

1886. , West Am. Scientist 2:37.—^Palms at Palm Valley, in northern

Lower California.

1887. Nicholson, G,, Dictionary of Gardening 4:196.—^The genus and W,

filijera and IF. robusta described.

1888. Fernow, B. E., U. S. Dept. Agr., Div. For., Bull. 2, 2d ed. 204—W. fiUj-

era enumerated in a list of San Diego County trees,

1888. Vasey, Geo., Bot. Gazette 15:264.—Short note on IF. filijera,

1889. Wittmack, L., Gartenfl. sSi^oo,—''Washingtonia robusta H. Wendl.,

eine vorzugliche Kalthauspalme. j>

1889. Watson, S., Proc. Am. Acad. 24:79.

—

W. sonorae characterized from

specimens collected at Guyamas by Palmer.

1889* Drude, Oscar, Engl, &Prantl Naturl. Pflanz. Lief. 22:35, 36.—Washing-

tonia made a subgenus of Prichardia, distinguished by the fibers dependent

from the fan-rays (see same under 1897).

1889. Brandegee, T. S., Proc. Cal. Acad. Sci. IL 2:209.—TF. filijera reported

from Canon de Santa Maria, Lower California.
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Springs and at Dos Palmas.

West Am. Scientist 6:23.

—

W. filijera near Borrego

Watson -Further characterization of

Palmer

filifera and W
fit

W.fih

1890. Parish, S. B., Garden and Forest 3:51.

in California, both spontaneous and cultiva

1890.
, Garden and Forest 3:542.—The

and IF. rohusta.

1891. Brandegee, T. S., Proc. Cal. Acad. Sci. 11. 3:76.-11^. sonorae at

La Paz, Lower California.

1891. KuNTZE, O., Gen. PL 2:737.—Substitutes the name W. filamentosa for

W. filifera.

1891. Orcutt, C. R., West Am. Scientist 7:164.—Note on sources of seed of

W. filifera and W. rohusta.

1893. KuNTZE, O., Rev. Gen. PI. 3:737.—Reiterates claim of priority for W.

filamentosa,

1894. Parish, S. B., Zoe. 4:349-350.—Notes on W. filifera.

1895. Andr£, E., Rev. Hort. 1895: 155.^!^, robusta in European cultivation.

1895. Baillox, H., Histoire des Plantes 13:319.—Washingtonia considered

a subgenus of Prichardia.

^895. (Editorial), Garden and Forest 5:142. ^^.—California palm in culti-

vation in southern California.

1896. Sargent, C. S., Silva 10:45-47. pL 509.—Genus and W. filamentosa

characterized.

1897. Drude, Oscar, Engler & Prantl. Naturl. Pflanz.—Restores Washingtonia

to generic rank and recognizes W, filifera, W. rohusta, and W. sonorae^ with

notes.

1897. SuDWORTH, G. B., U. S. Dept. Agr., Div. For., Bull. 14: 105 —Replaces

the name Washingtonia by Neowashingtonia, naming iV. filamentosa.

1897. Fox, W. G., Entomological News 8:90.—Note on Dinapate Wrightii.

1898. Heller, A. A., Cat. N. Am. PI. ;}.—Neowashingtonia robusta proposed

for W. robusta Wendl.

1899. Hl^bard, H. G., Entomological News 10:83-89.—Notes on Dinapate.

1899. Hough, R. B., N. Am. Woods 7:62, section no. 200.—Notes on If. fila-

mentosa and sections of the wood.

1900. Davy,
J. B., Bailey's Encyc. Am. Hort. 4-1695. figs. 2716, 2717. pi 48.

Account of W. filifera, W. rohusta, and W. sonorae.

1901. Orcutt, C. R., Bot. Southern Cal. 149 —Note on the generic name and

on the fruit of W. filijera.

1901. ^ West Am. Scientist 12:10.—Palm fruit eaten by Cocupah

Indians. *

1903. Co\7LLE, F. v., and MacDougal, D. T., Pub. Carnegie Inst. 6:21,

pis. 25, 2^.—Account of visit to the palm groves near Indio.
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1903. Merriam, C. H., Science N. S, 17:826.—Palm leaves used as basket

material by Coahuilla Indians.

1904. Britton, N. L.J Jour. N. Y. Bot. Gard. 5:25-28. fig,—General discussion

of the *' George Washington palms."

1904. Swingle, W. T., U. S. Dept. Agr., Bureau Plant Industry, Bull. 53:112.

fiS^' 3? 4'—Analyses of the soils in which Washingtonias grow at

Pahn

1905. Brandegee, T. S., Zoe. 5:187-189.—The palms of Lower California.

1905. Eastwood, A,, Handbook of the trees of Cal. 32. pL 18,—Describes N
filantentosa

Manual of the trees of N. Am. 100. no.—Genus Wash-

ingtonia, with two species.

;. Jeffries, S. W., Los .

W. robusta as known in cu

5 and 19.

—

W, fil

1905. Fraxceschi, F., Los Angeles Times, March it.—The Washingtonias

cultivated in southern California.

I9<^5* Davidson, A., Los Angeles Times, June 5.—An account of notable Wash- -

ingtonias growing in Los Angeles.

1906. Strasburger, E., Jahrb. Wiss. Bot. 43:380-628.—Includes a study of

the histology of the trunk of W. filijera.

M
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ARAUCARIOPITYS, A NEW GENUS OF ARAUCARIANS
Edward C. Jeffrey

(with plates xxvtii-xxx)

Among the coniferous remains discovered in the Cretaceous

deposits of the Androvette pit, Kreischer\ille, Staten Island, are

certain leafless twigs, bearing spirally arranged scars. In most cases

the twigs in question are decorticated as well as deprived of their

appendages; in fact, in all the best-preserved material this is the

case. An examination of the internal structure of these remains

showed that they were Araucarian in their affinities; but possessed

deciduous shoots, similar to those occurring in Pinus. The deciduous

shoots seem to have been of seasonal duration only. The branches

of the type described above were found in association with Impres-

sions of the deciduous leaf-fascicles of Czekanowskia, a supposed but

doubtful representative of the Ginkgoales. It is not improbable that

the two sorts of remains belong to each other, although it is impossible

to more than infer that such is the case at the present time,

^ig- I represents a transverse section through a rather well-pre-

served stem of our species, which we propose to call Araucariopitys

americana, for reasons to be stated later. The lower right-hand por-

tion of the section is in a bad state of presentation. There are two

marked indentations of the surface of the decorticated stem; these

mark the positions of two deciduous leafy shoots. The indentation on

the extreme right of the figure occurs in the less well-preserved region,

so that the topography of the relation of the deciduous shoot to the

supporting axis is not clear. The indentation on the upper left-hand

part of the surface of the stem corresponds to a short shoot, which is

not cut axlally by the plane of section. In the well-preserved part of

the wood it is obvious that there is but a single annual ring present.

A noteworthy feature of the wood is the presence of a tangential row

of traumatic resin canals. These traumatic canals are very common

No.
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in this species, occurring in nearly half the specimens in our posses-

sion. It would thus appear that the species was very easily stimu-

lated to the formation of traumatic resin ducts.

The pith is not well shown in fig. i on account of the partial decay

of the specimen. In fig. j it appears more clearly^ and it is possible

to distinguish that there are certain dark areas in it, which correspond

to islands or nests of sclerotic cells, similar to those w^hich are found

in the medulla of the Cretaceous genus Brachyphyllum. The pith

is relatively large in size, exceeding in its proportions that found in

living Cupressineae. Fig, j, which was made from

fig

small

in situ. In the cortex are present, although this feature is not appar-

ent in the figure, the same islands or nests of sclerotic tissue which

are found in the medulla.

Fig. 2 shows the cross-section of another less well-preserved

stem, which has lost part of its woody tissues, but still retains a

considerable portion of its bark. The apparent cracks in the wood

represent rows of resin canals, which the magnification is not sufficient

to make apparent. Fig. 4 illustrates a part of the same

figs. I and J, under a higher ma The row

made

also the sclerifications, which appear as dark spots in the pith.

Fig. 5 shows a portion of the section figured in fig. i, under a

considerable degree of magnification. The absence of resiniferous

cells, such as are a feature of the wood of the Cupressineae, can

be made out. A number of rounded a
which are the traumatic resin canals.

m
their rounded contour

resemble

of any other of the Cretaceous Araucarineae which w^e have studied.

The resin canals are surrounded by one or more layers of parenchyma

cells, which appear to be devoid of contents. Often there is present

in the lumen of the canals themselves a dark-hued substance, which

mucila

numerous

paring the material for sectioning. This substance apparently

corresponds to that described as present in the traumatic resm
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canals of other Araucarian lignites from various levels of the

Cretaceous.^

Fig, 6 shows a tangential longitudinal section of the wood of our
species, through the region of the traumatic resin canals. It is to

be noted that these are more numerous than is the case with normal
resin canals, and are somewhat constricted at intervals, both features

to be found in the wound-canals of the Abietineae. In the region of

disturbance shoAvn in fig. 6^ the rays vary greatly in height, being

composed of from one to many cells. Fig. 7 shows the left-hand

portion of fig. 6, more highly magnified. In this figure the end

walls of the ray cells, which appear in face view, arc strongly pitted,

a feature found in no other living or fossil Araucarian, which has

been described, but very characteristic of the Abietineae. Both the

end and horizontal walls of the ray cells in Agathis and Araucaria,

for example, are smooth, and this statement equally holds for the

numerous species of ]\Iesozoic Araucarians which it has been possible

to study in the Androvette deposits. Our present species differs,

then, from all other Araucarians, living or extinct, in the presence of

abundant pitting on the terminal and horizontal walls of the cells

of its medullary rays. The cells constituting the rays are entirely

parenchymatous and there are no tracheidal cells present, such as

occur in the rays of certain species of living Abietineae. Fig. g

shows with sufficient clearness the strongly pitted horizontal wall

of the ray cells in our species.

In fig. 8 is seen a longitudinal approximately radial section of

the wood in Araucariopitys. The magnification is scarcely sufficient

to show the araucarian radial pitting of the tracheids. This section

shows weiy well, however, the constriction of the traumatic resin

canals at intervals, which Professor Penhallow, in the case of the

traumatic and normal resin canals of certain Abietineae, has interpreted

as an indication of the derivation of the continuous systerri of resin

canals, present, for example, in Pinus, from the union with each other

of a number of originally isolated resin spaces or cysts.3 This view,

as will be shown on another occasion, can scarcely be accepted.
M

= Jeffrey, E. C-, The wound-reactions of Brach^-phyllum. Annals of Botany

^o- 383-394. pis. 27, 28. 1906,

3 Pexhallow, D. p., The anatomy of the Coniferales. Amer. Nat. 38:243 2"-

1904.
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Fig. 10 shows the structure of the pith in our species. It will be

seen that it is traversed at inten^als by diaphragms of sclerenchymatous

cells, which strongly recall those to be found in Abies, Picea, and

certain hard pines. The stone cells are arranged in longitudinal

roAvs, as if they had been formed by the transverse divisions of a

horizontal series of mother cells, as has been described in certain

'Calamites and Equiseta. Fig. ii illustrates the character of the

radial pitting in our species. It wiU be seen by examination of the

pits on the left of the figure that some of them are in intimate contact

and are mutually flattened, in the manner characteristic of the radial

pitting of Araiicarioxylon Kraus. There is a clear distinction from

the typical condition in Araucarioxylon, however, in the fact that not

all the pits are mutually flattened, but some of them are rounded in

contour, as in the wood of the Abietineae. The pitting in our species

is thus transitional between the types characteristic of Araucarioxylon

and Pityoxylon or Cedroxylon^ In the general memoir on the Coni-

fers of the Androvette Cretaceous deposits, it has been proposed that

woods of a type transitional between the modes of radial pitting found

in the Araucarineae and Abietineae should come under a new genus

Brachyoxylon, taking the w^ood of the genus Brachyphyllum as the

type. Our present species, however, can scarcely be put under

Brachyoxylon, since in the latter the terminal and horizontal walls

of the ray cells are smooth as in the living Agathis and Araucaria

and their near allies of the Mesozoic. In the species under discussion,

by contrast the terminal and horizontal walls of the ray cells are both

strongly pitted, as is typically the case in the Abietineae. If other

species of lignites are subsequently discovered which agree wdth that

under discussion in their essential features, it w^ill probably be well to

establish the name Araucariopityoxylon or some convenient abbrevia-

tion of it for their reception^ So long as the type is represented by a

single lignitic species, however, the name Araucariopitys will suffice

both for the branches and the wood. On the other hand, if it is proved

subsequently that Araucariopitys represents the branches of Czekanow-

skia, as we strongly suspect to be the case, both names w^ill have

to be merged in Czekanowskia.

In jig. 12 is shown a highly magnified view^ of the radial pitting

of the species under discussion. The field is so chosen as to include
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mainly tracheids, showing the araucarian type of pitting.- Occasion-

ally a tracheid may be found in longitudinal sections of our species,

broad enough in its terminal region to accomodate a double row of

pits, in which case the phenomenon of alternation as well as flattening

may be observed, although even the biseriatc pits are sometimes

found to be opposite as in the Abietineae. It may be questioned by
the reader whether the evidence afforded by the pitting alone is strong

enough to decide the Araucarian affinities of the genus we have been

describing. We have no inclination to deny the propriety of such a

doubt, but we consider it to be removed by the fact that the large

number of presumably transitional Araucarians found in the form of

well-preserved leafy branches in the Androvette deposits were accom-

panied by numerous associated cone-scales, which, where they did not

obviously belong to Pinus, WTre also Araucarian and of a transitional

type of organization. For a full discussion of this matter the reader

is referred to the joint memoir already cited.

Fig. IJ illustrates the short shoot of Araucariopitys as seen in

tangential section under low magnification. The brachyblast is

present in the upper part of the field. Below it there is a scarcely

perceptible disturbance in the arrangement of the tracheids, indicat-

ing the position of the foliar trace, to which the short shoot is axillary.

It is apparent, from the topography of the tangential section of the

wood, that the axillating leaf was better developed in Araucariopitys

than is generally the case in Pinus, where the subtending foliar organ

is usually obsolete or has degenerated into a mere scale. There

are of course in Pinus certain exceptions to this statement in the case

of seedlings and the shoots growing out of injured branches. In

fig. 14 is represented a more highly magnified view of the section of

the same short shoot shown in fig. 13. Fig. 15 represents a radial

section through the axis of the short shoot, which at the same time

includes a part of the woody cylinder and the pith of the parent axis.

In fig. 16 is seen a transverse section through the main axis at the

level of exit of one of the brachyblasts. It is easy to determine from

the sections just described that the woody cylinder of the short shoot

projects little if at all beyond the surface of the wood of the main axis.

Figs. 12-17 have all been made from another specimen than that

which furnished figs, i, j, 4, 5. Fig. 17 presents a somewhat magni-
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fied image of the transverse section of the axillating leaf trace as seen

in longitudinal section of the axis. There is obviously a considerable

disturbance in the arrangement of the tracheids of the axis.

All the available specimens of our fossil showing the bark in place

are unfortunately badly preserved. They confirm the conclusion,

however, that Araucariopitys possessed deciduous shoots comparable

with those of living pines and at the same time was an araucarian

Conifer. The condition of preservation in the corticated specimens

makes it possible to observe that the deciduous shoots have already

fallen in branches which show but a single annual ring and are sub-

tended by definite absciss layers occurring in the outer cortex. There

are no pcridermoid tissues present except in the limited areas immedi-

ately opposite the deciduous shoots.

It will be obvious to the reader that in the coniferous branches

to which we have assigned the name Araucariopitys, there are features

present which combine in a remarkable degree the anatomical char-

acteristics of both the Abietineae and Araucarineae. The radial pitting

of the tracheids, for example, as has been shown above, is clearly

transitional between the two orders. The rays tend more strongly

to the abietineous side. The wound-reactions of our Conifer are more

like those of the Abietineae than are those of any other known Arau-

carian. Finally, the genus was characterized by the possession of

deciduous shoots. It will be obvious from the enumeration of the

features that in the species under discussion we have a strong arau-

carian endowment with a nearer approach to abietineous structure

than has been found in any Araucarian living or extinct. Since this

is the case, the name Araucariopitys, etymologically significant of

the double affinities, seems appropriate.

CONCLUSIONS

It appears from the description given above that there are present

in the Cretaceous deposits of Kreischerville, Staten Island, N. Y.,

certain branches with deciduous lateral shoots, resembling in their

relation to the axis the brachyblasts in the abietineous genus Pinus.

Further, it is apparent that in spite of the possession of deciduous

shoots, the branches in question belong to an araucaraian Conifer

of archaic type, as is shown by their anatomical structure. The wood
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of these shoots presented the wound-reactions of the Abietineae,

radial pitting of the tracheids transitional between the Abietineae and

Araucarineae, and the ray structure of the Abietineae, It is more-

over probable that leafy shoots known under the generic appellation

of Czekanowskia belonged to our species, since the former occur

in impressions in association with these remains.

It appears clear that in Araucariopitys we have to do with a genus

transitional in its characters to a marked degree and nearer to the

Abietineae than any other known araucarian genus living or extinct.

The existence in the Mesozoic of types like Araucariopitys, Brachy-

phyllum, Geinitzia, etc., combining in so many ways abietineous and

araucarian characters, does not make it easy to accept as correct the

position recently adopted by Professor Seward'' that the Arau-

carineae are distinct from, and without immediate affiliations with, the

other coniferous orders. It is indeed not difficult to show that the

aberrant forms which represent the Araucarineae in the existent flora

are sufficiently di£ferent from the Abietineae and most of the other

families cannot

'uller know

Mesozoic.

Since it must apparently be admitted that in the Mesozoic the

abietineous and araucarian Conifers were not so clearly separated

from each other as the living representatives of those families are,

the question arises, which of these two admittedly ancient families

lies nearer to the ancestral stock ? Professor Seward and others have

from

Mesozoic

own studies, as described in the monograph already referred to, only

serv^e to emphasize), as compared with the comparative poverty ot

the abietineous display, for the superior antiquity of the araucarian

Conifers. Such an argument appears, however, to be fallacious.

It would be just as logical to assume that at any given period the

richly developed crown of a forest tree was its oldest portion. All

the evidence goes to show that the Araucarians were indeed the

crown of the coniferous genealogical tree during the Mesozoic, but

[

-* Seward, A. C, and Ford, S. O., The Araucarieae, recent and extinct. Phil.

Trans. Roy. Soc. London B. 198:305-411. pis. 23 24. 1906.
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in the changes which ushered in the Tertiary the crown was almost

completely destroyed and that a lower more ancient and overshadowded

branchj the Abietineae, became a new ''leader'' and developed luxuri-

antly.

o from

Mesozoic

lated of late. Reference has been made above to the striking abietine-

ous characteristics of the older Araucarians. It has been pointed out

that the w^ound-reactions of the older Araucarineae are a strong

indication of their abietineous derivation. Further, although the older

Araucarians show striking transitions in their pitting toward the

AbietineaCj even the most archaic structurally known abietineous

type, Prepinus, shows no tendency whatever toward the araucarian

form of bordered pit. In the case of Prepinus just referred to, we

are moreover forced to the conclusion that we have to do with an

extremely ancient coniferous type, since the foliar bundles show an

abundant development of true centripetal wood as distinguished

from mere transfusion tissue. Further, the leaf traces are com

surrounded by a complicated double sheath of transfusion tissue,

which has its exact counterpart in certain Cordaites but not elsewhere.

affinity

mnosperms
is clearly related to the Cretaceous species of Pinus, as is shown in

the article cited. An additional argument for the superior antiquity

of the Abietineae is afforded by the morphology of the female cone.

It is true that Professor Seward, in the memoir cited above, has

same mor
of the female cone in the Abietineae and Araucarineae, in view of what

he considers to be the slight degree of relationship between them.

That the two families must be regarded as somewhat nearly allied

we have tried to show^ above. If it be admitted that they are closely

connected it follows that a common
strobilus should be possible. If we accept the generally approved

explanation of the double cone-scale present in the female cone of

the Abietineae, namely, that the upper ovuHferous scale is an axillary

structure of shoot value subtending the sterile bract, then we are

almost driven to regard the single cone-scale of the Araucarineae with
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Its double system of bundles as having resulted from the fusion of

the two organs present in the Abietineae. If this be granted, it is

not easy to deny to the Abietineae a superior antiquity.

SUMMARY

1. Araucariopitys is an araucarian Conifer found in the Middle

Cretaceous Clays of Staten Island, N. Y.

2. Its structure and its association with impressions of the leaf-

fascicles of Czekanowskia make it possible that it constitutes the

branches of that genus, which in such a case cannot be regarded as

belonging to the Ginkgoales.

3. Araucariopitys was characterized by the possession of deciduous

shootSj which apparently persisted for a single year; by the charr

acteristic radial pitting of its tracheids, transitional between true

araucarian pitting and that found in the Abietineae; by rays differing

from the araucarian type and approximating the abietineous type;

by the formation of traumatic resin canals closely resembling those

found in the Abietineae.

4. Araucariopitys, although unquestionably araucarian, was

nearer in structure to the Abietineae than any other known araucarian

genus living or extinct, and has been named in accordance with this

fact.

5- Araucariopitys supplies additional evidence for the derivation

of the Araucarineae from the Abietineae.

Phanerogamic Laboratories

Harvard University

EXPLANATION OF PLATES XXVIII-XXX

PLATE XXVIII

Fig. I. Transverse section of stem of Araucariopitys antericana, X30.

Fig. 2. Transverse section of another specimen of the same. X18.

Fig. 3. Transverse section of stem of Araucariopiiys americana from the

h
of the same. X40-

same to show the traumatic resin canals

80
PLA TE XXIX

afnertcana. Xioo
<j - - - o

Fig. 7. Tangential section of the same. X180.

Fig. 8. Longitudinal approximately radial section of the same. X40.
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Fig. 9. Radial section of the same, showing structure of the ray. X 500.

Fig. 10. Section of the medulla of the same. X40.

Fig. II. Longitudinal radial section of the same. X180.

PLATE XXX

Fig. 12, Longitudinal section of the tracheids of the same to show Araucari-

oxylon pitting. Xsoo.

Fig. 13. Tangential section of main axis of Araucariopitys, showing the

presence of a short shoot and its axillating leaf trace. X25.

Fig. 14. The short shoot of the same. X40. -

Fig. 15. Radial section through the deciduous shoot of the same. X40.

Fig. 16. Transveree section of wood of Araucariopitys, showing the base of

the deciduous shoot in longitudinal section. X40.

Fig. 17. Tangential section of wood of Araucariopitys, showing the trace ol

the axillating leaf in transverse section.
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DIFFEREXTIATIOX OF SPOROCARPS IN AZOLLA
CONTRIBUTIONS FROM THE HULL BOT.\NICAL LABORATORY 105

Waxda il. Pfeiffer

GRirriTH

pinilata, (

(with PLATES XXXI AND XXXH)

the work on Azolla up to 1844

Working on Azolla

sporocarps. The eariicst stage described showed two sporocarps

within a hoodh'ke involucre. Each sporocarp

shaped integument and a cellular body, the ^'nucleus,"^ which was
surrounded by the "integument"* and projected from it. Later the

"nucleus" elongated and the "integument" grew out so rapidly as

finally to inclose it. At a still later stage, simple capitate "filaments"^

developed abo Up to this

point, the development in the two organs had been similar. After

this, there might be a development of either the "nucleus" or the

cellular projections about its base, but in no case did both continue

growth. In cases where the further growth was in the "nucleus,"

Griffith describes it as developing into the "so-called male organ"

of former writers. This organ consisted of an egg-shaped body,

bearing a calyptra and containing a large yellow sac capped by a

body. The first *x^

was a granular condensation of the materials of the "nucleus." When,

on the other hand, only the "so-called female organs" developed,

the first step was the appearance of a granular mass in the swollen

tip of each of the "filaments," which had appeared in centrifugal

order about the base of the "nucleus."

Nearly thirty years later (1873), Strasburger (2) wrote Ueber

A zolla sporocarp

said little about their development. He found in the early stages of

^ From GRrPFiTH's figures it is evident that this "nucleus'* is the megasporangium.

* The ''integument" is the sporocarp wall.

^ These "filaments" are evidently the young micrt

the massive stalk of the megasporangium.

445]
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sporangium

me
inferred that only one sporangium had appeared. Referring to

Strasburger sugg

more

rangia should have appeared simultaneously; and that later those about

the base of the large central sporangium should have aborted. In
4

the microsporocarp he found microsporangia, in numbers as high as

forty, arising £rom a short ^^ columella." He further said that he

found no sign of the club-shaped ending of the columella which

Meyen had described earlier.

In 1889 Strasburger (3) reinvestigated the subject. According

female

macrosporan
a ^^^^^^o-*-r^''gmm" at the apex of the columella. In the ^^macrosporocarp

this went on developing, but in the microsporocarp its growth was soon

inhibited, while from the columella ^ beneath it microsporangial

primordia were constantly arising. He suggested that the develop-

ment of one or the other might depend upon the method of nutrition.

In 1893 Campbell (4), referring to Azolla filiculoideSy wrote:

For some time each sporocarp rudiment grows by a three-sided apical cell.

Next a slight OlltPmwth k nh<iprvf^r] npi^r fTip Kqca nf flip vnnnor cnril.*?. whlch formS

a ring-shaped projection;

point

is the beginning of the indusium or sporocarp

two sorts of sori differ. In the macrosporic one,

body of a single sjKDrangium; in the microsporic

it forms a columella, from which latter the microsporangia appear

outgrowths.

speakmg of the megasporocarp

When the sporangium is about half

sporangia

they show divisions which recall the earlier ones in the macrosporangium. Their

position corresponds to that of the microsporangia, so that although formed much

later than the macrosporangium, it is pretty safe to assume that Azolla is derived

from some form in which, as in Salvinia, there are several macrosporangia in the

sporocarp. .... In the male sorus, as we have already seen, the apical cell of. the

young rudiment does not form a sporangium, but gives rise to a central columella

or placenta from which microsporangia arise laterally, while the end projects

as a cylindrical body. This latter was observed by Meyen, but Strasburger

seems for some reason to have overlooked it. I found it in all of my sections of

the male sorus.
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In 1898 GoEBEL (5) again investigated the method of sporocarp

development in A. filiculoides. He accepted Strasburger's later

account of the development of the microsporocarp, but in the mcga-
sporocarp he found in the later stages of development primordia of

microsporangia which had aborted.

In Campbell's revised edition of Mosses and / 1905)'
he refers to Goebel's account and states that "in the microsporangial

sorus the apex of the receptacle, which probably represents an abor-

tive macrosporangium, forms a columella, from whose base the

microsporomicrosporangia develop." He uses the illustration of the

carp which he had used in the origina] paper, and shows the columella

as a club-shaped body which has little resemblance to a sporangium.

INVESTIGATION

I

Working on Azolla caroliniana, I have traced the development

of the sporocarp, paying particular attention to the stage at which

microsporocarp and megasporocarp are definitely differentiated.

The youngest stage in which the sporocarp can be readily recog-

nized shows a young sporangium consisting merely of an apical cell

and a short stalk, about whose base there is a ringlike projection

(fig' i"). This sporangium, which holds the central position in the

mature sporocarp, is the mcgasporangium, and is of the ordinary

leptosporangiate type.

The projecting ring of cells about the base of the sporangium, by

subsequent growth outward and upward, forms the wall of the sporo-

carp. Growth of the sporangium and growth of the sporocarp wall

go on simultaneously, so that by the time the primary tapetal cells

are cut off in the capsule of the sporangium, the two-layered

sporocarp wall stands almost as high as the sporangium {fig. j).

While the development of the capsule of the sporangium has

way, there has been nogone on in the regular leptosporangiate

pedicel as might be expected. Thesuch elongation of the

divisions of the cells of the pedicel, for the most part, have

been anticlinal rather than periclinal to the apical cell, so that

the stalk is massive, almost as great in diameter as is the capsule

ifiS' 3)' Growth in the capsule now continues in the usual way
until there is finally a sporangium having one layer of wall cells

J,

!
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and a single layer of tapetal cells surrounding a mass of eight mega-

spore mother cells in synapsis. There is no trace of an annulus of

any sort to be found either at this or any later stage. By this time

the sporocarp wall has usually grown up so as almost to inclose the

sporangium, while the stalk of the sporangium is likely to be at least

(fig. 4), .While the moth

synapsis

Iter cells of the sporangium stalk enlarge so as to

(/^^- 5)' These enlarged cells have nuclei larger

becomes

{h
mc). microsporan

carp. Shortly after the microsporangia appear, the walls of the

tapetum

mass of cytoplasm. Surrounded by this tapetal cytoplasm

:i, the megaspore mother cells have now separated from each

(fig

megasporangmm
this point. When this occurs the megaspore mother cells become

shrunken, the tapetal nuclei appear small and more densely granular

than in the healthy sporangia, and the cytoplasm takes on a coarse,

loosely granular appearance. As this breaking down goes on in the

raegasporangium, more and more microsporangial primordia appear

at its base. This, however, is not the usual course of events. Ordi-

narily the growth of the megasporangium is not inhibited until after

it has passed the spore mother-cell stage.

In almost every case, the megasporangium continues its growth in

size while the young microsporangia are developing at its base.

mother cells divide simultaneously (fig- 7)

to produce the eight tetrads
{fig. 8) . Even while this division of the

megaspore mother cells is taking place, growth in the microsporangia

continues, as is readily seen by the fact that cell division sometimes

takes place there {fig. 7, mc). It is therefore after the formation of

the megaspore tetrads {fig. 8) that the critical st;

ment is reached.

megaspore

o

At this stage the sporocarp wall, which consists of only two layers

of cells, has grown up beyond the apex of the megasporangium and

A

t
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become almost if not com
of the cells of the outer layer. The general shape of the sporocarp is

oval, flattened on one side, and with a beak of enlarged cells at the

top. Just inside this wall one often finds unattached filaments of

Anabaena At the

massive

Of these sporangia, the oldest, which holds the central position, is

the megasporangium, while the very young microsporangia form

one or more whorls about its base. Within the mesasporangium

mass

small

in the center, surrounded by the most densely granular of this cyto-

m
Ihe question now is whether the megasporangium or the group

of microsporangia, all of which are apparently vigorous, shall go on

developing. If the megasporangium develops, there will be a mega-

sporocarp; while if the microsporangia develop, there will be a micro-

sporocarp.

In the megasporocarp, "thirty-one of the megaspores abort, while

one, which usually holds the central position in the sporangium,

continues growth {jig. g). The megasporangium increases in size,

but there is no further elongation of the stalk, and the young micro-

sporangia at its base cease their growth. As the megasporangium

increases in size, it finally completely fills the sporocarp, and the

young microsporangia are squeezed down against the stalk until they

are hardly recognizable. An abnormal condition, which I found

me
while only thirty abort.

megaspore

abortion of the spores "in the megaspo-

tian in the megasporocarp, and we find

all thirty-two megaspores aborting. Within the megasporangium

asm

masses, and the me
hang together in tetrads or may fall apart as separate spores, are

shrunken and shapeless (fig. 10). As this abortion goes on, the

stalk of the megasporangium elongates somewhat and new microspo-

rangial primordia continue to appear below the older ones, which are
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increasing rapidly in size. The microsporangia arise in basipetal

succession, have long slender stalks, and each sporangium develops

sixteen spore mother cells- As the growth of the stalks in length

and of the capsules in size continues, there is a consequent broadening

of the sporocarp, which makes of the mature microsporocarp a round

body, quite different from the more elongated megasporocarp. By
4

the time the oldest of the microsporangia have reached the mother-

cell stage, the megasporangium has usually collapsed, so that unless

one happens to get a median section of the sporocarp {iigs. ii, iia)

it is likely to escape notice. How^ever, I found several microsporo-

carps in which this collapse of the megasporangium did not occur.

In these cases the cytoplasmic contents of the megasporangium had

broken down and had to a large extent been resorbed, but the spo-

rangium wall remained turgid, while the cells of the stalk at the base

of the sporangium had grown up into the cavity left by the breaking-

dow^n of the cytoplasm {figs. 12, ij). In one case {fig, if) this growth

had continued until the sporangium was nearly filled with vegetative

tissue*

DISCUSSION

While Griffith, in 1844, interpreted the megasporangium as a

male organ and the microsporangia as female organs, as R. Brown
and Meyen had before him, he gave an accurate account of the

order in w^hich the various structures of the sporocarp appear. Since

the appearance of Strasburger's Ueber Azolla, writers seem largely

to have overlooked Griffith's work. Doubtless this is due to. the

fact that Strasburger, who worked largely on the very early and
,

the mature stages of the development, without catching the inter-

mediate stages, suggested that probably Griffith's account would

not hold true, since it seemed more probable that the sporangia would

appear simultaneously in the megasporocarp as they did in the micro-

sporocarp. It is interesting to note that sixteen years after Ueber

Azolla appeared, Strasburger again gave an account of Azolla, in

which he affirms that the primordia of the two sporocarps are alike,
\

ment of a megasporangmm which
r%

microsporocarp soon aborts. It is evident that he no longer

sporangia in the micros

simultaneous, and so his former inference, that probably the mega-
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sporocarp is like the microsporocarp in this particular, no longer has
any weight.

Campbell, writing four years after the appearance of Stras-

burger's second paper, has evidently not given close attention to

this later account of the development, or he might have been led to

make a more careful study of the columella, which he found in all

his preparations of the microsporocarp. That this columella actually

represents an abortive megasporangium seems not to have occurred

to him, although Strasburger's paper would have suggested it.

The nearest approach that I found to such a columella as Campbell
figures was in the few cases where the vegetative cells of the stalk

had grown up into the cavity left by the collapse of the cytoplasmic

contents of the megasporangium {iigs. 12^ ij). Any section, except

the median, of such a sporangium as that shown in 'jig. 13, would

show m but the median section

shows very clearly the remains of the broken-down cytoplasm and

nuclei.

megasporan
in the microsporocarp and then aborting, the interpretation of the

sporangial primordia about the base of the megasporangium in the

megasporocarp as microsporangia is natural. Campbell, having

missed

sporan

megaspora He over-

more nearly simultaneous than in AzoUa.

sporangia

portray

course of events as I saw it. Yet even he accepts Strasburger's

statement that the abortion of the megasporangium in the microsporo-

carp occurs early. While at first sight this would seem to be the

natural course of events, abortion after the formation of the mega-

spores really carries the reduction in the megasporangium only one

step farther than in the megasporocarp. Long ago Strasburger

saw cases in the megasporocarp where two spores developed while

thirty aborted. This condition, which I have seen a few times, was

readily looked upon as a reversion to the condition in which more

than one spore developed in the megasporangium. The abortion
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megasporangmm

microsporocarp

step in this reduction.

What causes the abortion in one case of thirty, in another of thirty-

me
determined. It would seem largely a matter of chance, since there

is no external factor or group of factors responsible. Very often

megasporocarp and microsporocarp lie side by side, having begun

their development from two apical cells which were formed by the

division of a single cell, and having continued growth with their sur-

roundings as nearly alike as it is possible to make them. On the

other hand, there is no internal condition that we can say, definitely,

must be responsible for this. There is of course the possibility that

the whole thing is a question of food supply, as Strasburger sug-

gested. If there should be some change in the cells of the stalk

below the megasporangium making them impermeable to any of the

materials which are necessary for growth in the sporangium, the inhi-

bition of growth there would be a natural result. That the food supply

thus kept from the megasporangium should then be used for the further

development of the microsporangium at the base, seems a plausible

supposition. In cases where the cells of the stalk later grow up into

the megasporangial cavity, one w^ould have to suppose a regaining of

permeability of the cells to food materials. Such changes in the cells

from permeability to a given substance to impermeability and back to

permeability are quite possible physiologically.

SUMMARY

I. megasporocarp and microsporocarp

are exactly similar. Each begins development with a single me
sporangium and a sporocarp wall. When the megasporangium

"

mother cells are in synapsis

some

microsporangia. Growth in the m
megasporangium now goes on simultaneously for some time. The

tapetal walls of the megasporangium disappear and the mother cells

separate from each other and round off, while the microsporangia

at the base continue develonmont. diffprincr m nnnparance from the



1907] PFEIFFER—SPOROCARPS IN AZOLLA 453

only

sixteen rather than eight spore mother cells. Before the primary

wall cell is cut off in the oldest of the microsporangia, the megaspore

mother cells have divided simultaneously to form eight tetrads- Up
to this point the development is the same, whether the structure is to

be a megasporocarp or a microsporocarp.

2. Further development of the megasporocarp shows one of the

thirty-two megaspores continuing growth, while the other thirty-one

micro

cease growth.

3. Further development of the microsporocarp shows all thirty-

two megaspores aborting, while the young microsporangia increase

rapidly in size and number. The megasporangium usually collapses

so that it is not readily seen in the mature microsporocarp.

This investigation was carried on under the direction of Professors

John M. Coulter and Charles J. Chamberlain, The University

of Chicago.
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EXPLANATION OF PLATES XXXI AND XXXII

The figures were all made with a Zeiss camera lucida and in all cases, excef

fig, iia, a Zeiss ocular 4 and Zeiss 2^^ objective were useS, giving a magnificatio

of 430 diameters after a \ reduction is made in the reproduction.

Abbrenations: a, Anabaena; am, abortive megaspore; as, abortive mega

sporangium; at, abortive megaspore tetrad; w, functional megaspore; wc,micrc

sporangia; mem, microspore mother cells; mm, megaspore mother cell; mt, mega

spore tetrads; s, sporocarp wall; t, tapetum.

PLA

megasporocarp

microsporocarp
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Fig. I. Avery young sporocarp showing the beginning of the megasporangium

and sporocarp wall.

Fig. 2. A stage later than fig, r.

Fig. 3. A still later stage; the primary tapetal cells have been cut off in the

megasporangium.

Fig, 4. A considerably later stage; the megasporangium is in the mother-cell

stage, but no microsporangial primordia have yet appeared.

Fig. 5. A little later than fig, 4; the microsporangial primordia are appearing.

Fig. 6. The microsporangia have begun growth; in the megasporangium

the tapetal walls have disappeared.

Fig. 7, The heterotypic division of the megaspore mother cells; growth in

the microsporangium continuing.

PLATE XXXII

Fig. 8. A still later stage.

Fig. 9. A megasporocarp that can be readily recognized as such; micro-

sporangia have ceased growth.

Figs, lo-ij show conditions found in the microsporocarp.

Fig. 10. A microsporocarp of about the same age as the sporocarp in fig, g;

the microsporangia are appearing in large numbers.

Fig. II, The central portion of an older microsporocarp, showing the micro-

sporangium with microspore mother cells, mem.

fig

sporocarp, a portion

megasporangia

are beginning to grow.

Fig. 13. An abortive megasporangium

upward growth of the cells of the stalk.
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CURRENT LITERATURE

BOOK REVIEWS
The nature and development of plants

Dr. Curtis' offers a new book with this title on a basis which must be regarded
by anyone attempting to judge its merits. It is not intended as a textbook, says

the author, but to give a point of view and to stimulate inquiry. A student who
is thoroughly acquainted with Principles of botany by Bergen and Dams would
discover by examination of this text, as w^ell as by reading the preface, that the

book is intended for one of more limited secondary training. That the majority

of college freshmen have in one way or another escaped or evaded adequate second-

ary training makes this effort by Dr. Curtis very acceptable and practical. The
author has used excellent judgment in the selection of material both for discussion

and for illustration. So far as possible, plants which the student is likely to see

or hear about are used. In order to awaken interest a narrative rather than an

expositional style prevails, and the economic significance of several important

features of plant life are emphasized in attractive connections. Associated with

this style and plan there is apparent an effort to stimulate originality and

independent reasoning.

The book is structurally simple, being without even a complete table of con-

perfectly The introduction develops a con-

ception of the cell as the unit of structure and of protoplasm as the physical basis

of vital phenomena. Part I presents the outer and inner morphology of roots,

stems, leaves, etc.; while Part II traces the phylogeny of the four great groups

according to the older Exgler and Prantl classification. One is at once

impressed with'the unusual excellence of the illustrations of which there are over

three hundred, in most cases original.

If one searches for defects, and this a critic is supposed to do,'instances of faulty

composition and inaccurate statement may be found. "The elements that com-

pose any substances are held together with great entrgy owing to their mutual

attraction for one another," is an unfortunate slip which disregards the numerous

unstable compounds. "The transmission of hereditary characters may be stated

as follows. Everv fpatnrp of a nbnt or Minimal which we V cognize in distinguish

them is due to hereditarj^ substances derived from the parents." To what extent

be
mental evidence, not overlooked in the text, which renders such a generalization

invalid. " The work of resuiration is carried on more economically by green plants

* Curtis, Cari^ton C, Nature [and development of plants. 8vo. pp. 47^

fii^- 34^' New York: Henry Hoh & Co. 1907, $2.50.

455



456 BOTANICAL GAZETTE [December

than by animals, since in the animal the CO2 escapes in the breath as a waste

product, while the plant uses the CO2 during day time for the construction of

foods." There is regrettable confusion here, involving comparison of incomparable

processes. Carbon dioxide happens to be a waste product in animal metabolism,

but in addition to this in the case of green plants it is also food material. The

contrasting of the work of respiration in the two cases upon this basis is wrong,

as the author well knows. As a matter of fact, we have no reason to believe that

the work of respiration as done by plant protoplasm is more economical than that

done by animal protoplasm.

That this book successfully meets the demand intended to be supplied by the

author is certain, and this is abundant justification for anyone who has the

run -Raymond

Evolution in the potato beetles

Although the work of Professor Tcwer^ on Leptinotarsa deals with a

group of animals, his book should not be overlooked by botanists on that account.

Probably no work since the appearance of DeVries' Mutationsiheorie is more

worthy of careful study. The contribution is essentially along experimental

lines, backed by years of obser\^ation in the field and laboratory. Many of the

problems, if not solved, are seen in clearer light, and at least some of the mooted

questions may now be dismissed as answered. Every chapter is of interest to all

schools of biologists, but there is space here merely for a few of the more important

conclusions. The introductory^ chapter on geographical distribution and disper-

sion is followed by chapters on variation, coloration, habits, and instincts. Of

intense interest are the final chapters, entitled "Production in experiment of races,

new characters, and species in Leptinotarsa," and "The" problem of the origin

of species." The author believes that only by such careful studies may we ever

hope to find out the methods of evolution; we can never solve the problem by

inspection. Tower holds that all organic variations are responses

ererm

plasm .... due to stimuli which produce an inheritable variation differing in

duced." "Variation i

organisms." Another

permanency

predetermined

distinction between fluctuating variations and mutations. Tower secured as good

illustrations of mutation in Leptinotarsa as have been obtained in Oenothera, or

lines

variations.

Jumps, bu

variations exhibited greater

experiments fail to support

unit characters. In Leptinotarsa also the mutations are orthoge-

2 Tower, W. L., An investigation of evolution in chrysomelid beetles of the genus

Leptinotarsa, Carnegie Institution of Washington, Publ/ no. 48. pp. 320- Wash-

ington. 1906.
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netic, rather than in all directions, or even in only two directions. ''I maintain

. . . . that mutation is not a special kind of variability .... but it is a part of

irenn

While

mony with the views of mutationists, small comfort can be obtained on the other

hand by Neo-Lamarckians, for there seems to be no evidence in favor of the notion

that are found to arise in the soma. Even ifvariations

faucn variations are tirst visible in the soma, they are possible only when the germ
plasm has developed a soma capable of variation. The botanists seem to have
more generally accepted the theory of mutation than have the zoologists. It

scarcely seems possible that one method has been uniformly effective in animal

evolution and another as uniformly in plant evolution. Very likely nature has

been more multiform in her methods than most of us have yet been willing to

believe.—Henry C. Cowles.

Vegetable physiology

A new edition of Green's Vegetable physiology has just made its appearance

from an American press.^ Unfortunately the author has not written any preface

to the new edition and so Tvhat changes he has made can be ascertained only by

laborious comparison of the new with the old. The alterations arc more numerous

than extensive, and it is evident that in large part the old plates are used. Yet

the changes suffice for the incorporation of the more important recent advances

in the science.

One of the most striking improvements is the transfer of the chapter on respi-

ration from its former connection with the chapter on the aeration of plants to the

chapter on the energy of the plant, so that it follows instead of precedes the dis-

cussion of food-making and food-getting, digestion, translocation, and storage.

The topic might have received more thorough revision in its text to advantage.

Other changes are noticeable in the discussion of the absorption of food materials,

the chlorophyll apparatus, photos}mthesis, and in the nomenclature and classifi-

cation of proteids.

Not all of the slips have been eliminated in the revision, but the improvement

is obvious in bringing the book more nearly up to date. The most striking defects

which caught our attention are the retention of the filter theory of dialysis (at least

by inference, for the explanation of osmosis is not ver}' clear) and the statement

that etiolin is converted into chlorophyll by the action of light. All the recent

evidence is against both of these conceptions.

Of all parts of the book the chapters on irritability seem to us most in need of

thorough reworking, but this has not been done. Perhaps the author was not

free to make changes that would involve extensive resetting of tyj^e; as to this

he does not take us into his confidence. By and large the book is one of the

Reyn Second edition

Sto. pp, xx + 459. Phaadclphia: P. Blakiston's Son & Co. igoj. $3-00.
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best brief texts in English that are available for elementary students. Its issue

by an American house will make it much more accessible for American stu-

dents.—C. R. B.

MINOR NOTICES
The vegetation of Texas.

—

Bray^ has made a presentation in a most attractive

booklet of the various ecological features of the Texas vegetation. The style of

the work is popular, inasmuch as the design of the author was to make the general

features of the vegetation of the state a matter of interest to students in the schools

and citizens generally. First the factors of plant environment are considered,

detailed application being made to the familiar plants of the state. Next follows

an account of the plant societies, treated chiefly after the order of Schimper. It

is here especially that one may see the astonishing variety that is to be found in

Texas. The woodlands range from the fine bottomland and pine forests of the

southeast, through post-oak or live-oak forests to the western chaparral. Again

in the mountains the characteristic conifer forests of the Rocky Mountains are

to be found. There are also extensive areas of prairie and desert. Last of all is

considered the vegetation of the w^ater, halophytic areas, and dunes. It is probable

that somewhere in Texas any citizen of the entire country (except the far west)

could find familiar plant formations, so great is the variety. It is to be hoped that

this most excellent work will be made of great use throughout the state. For the

purpose it is probably the best work that any of our states possesses. There are

some good maps, and a number of photographic representations of characteristic

landscapes and vegetation types.

—

Hekry C. Cowles.

Ecological exploration in northern Michigan.—Few have recently done more

to advance the frontier lines of ecolog}' than has C. C. Adams,s and it may be

said that his report on the sur\^ey of parts of northern Michigan is the record of

essentially pioneer w^ork. This is probably the first paper to extend the principles

ecology It is obvious that the future

must see much work of this character, for it is only by such studies as this, carried

on by a number of ecological specialists, that the complex interrelations of any

biota are to be worked out. There are three special ecological papers in this

report. A. G. Ruthvex, w^ho had charge of the field-work, under the super-

vision of Mr. Adams, presents an account of the regions studied, the Porcupine

]\rountains and Isle Royale. The chief feature here is the detailed description of

the representative stations that were chosen for study. In each case the character-

istic plants and animals are noted, and the physiographic and ecological dynamics

are elucidated. Papers follow on the ecological distribution of the birds of the

4 Bray, W. L., Distribution and adaptation of the vegetation of Texas. Bull.

Univ. Tex. 82; Scientific Scries 10. pp. 108. Austin. 1906.

s Adams, Charles C, An ecological survey in northern Michigan. From report

of Michigan State Board of Geological Survey for 1905. pp. 133. Lansing, ig^*^-
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Mountains, by Otto McCreary

]
a number of annotated lists.—Henry C. Cowles,

Morse. The report

NOTES FOR STUDENTS
.
A botanical survey of New Zealand.—We are constantly reminded of the

remarkable vegetation of this far away-land through the indomitable energy of

I

Cockayne/ whose ecological studies are always of the highest value. The
Island whose flora is here considered is one of the three that been has long set

apart as a preserve through the commendable foresight of the New Zealand govern-

ment. Perhaps the most interesting formation of the Island is the forest, made
Up of a number of the characteristic New Zealand trees, whose distribution

is related to wind in a most striking way. The heaths, the scrub, the strand,

etc., are more briefly described, and then follows an interesting chapter on the

afiinities of the flora. The paper is accompanied with representative formation

photographs, and a list of the species with Latin, English, and Maori names.

The New Zealand government, which has made possible Cockayne's study of

the island, and which has published this valuable report, is to be most heartily

congratulated for its good sense. It is to hoped that the government will find

a way to employ Cock.\yne's services for similar work all over the countr}^, and

especially because he is the man best fitted for this work. This is an admirable

undertaking for any government, and particularly for New Zealand, since its

flora is without counterpart elsewhere, and seems to be more than commonly

subject to destruction by the ravages of man.

—

Henry C. Cowles.

Alpine flora of Argentina. an

formations

formation

j

another type is the Hypsela formation

remmding one in a small way of the forest belts along streams in our prairie

formationsdistricts. _ ^ ^

cactus, and Azorella formations. All are characterized by a dominance of

xerophytic shrubs, but the Hoffmanseggia formation is the characteristic forma-

tion of the sandy plateaux, while the cacti dominate more on the stony hills.

The Azorella formation is on the higher hills and is closely related to the cactus

formation. Above the Azorella are lichen deserts. There are also regions of dunes

some of which are dominated by Patagonium, others by Lampaya. Halophytic

areas are extensive, some being dominated by Salicornia pulvinaia, others by

and

6 COCKAYN Well-
J

ington. 1907.

7 Fries, R. E., Zur Kenntniss des alpinen Flora im nordlichen Argentinien

Nov. Act. Reg. Soc. Sci, UpsaL IV. 1:1-205. 1905.
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Lepidophyllum. These chapters are followed by a discussion of the floristic and

ecological relationships of the plants, a table of the species with ample taxonomic

formations

Henhy C. Cowles

Galvanotfopism again.^Miss Bayliss,^ working at Birmingham under the

direction of Ewart, has studied the effect of electric currents applied directly to

roots by electrodes, polarizabie and non-polarizable, and indirectly by imbedding

seedlings in a 3 per cent, gelatin solution between platinum electrodes 10-12*="^

apart. The currents used were 4.2 volts with the resistance that of the gelatin

for 48 hours, or of the roots alone (3-8 minutes), or 150,000 ohms, applied for

5 to 48 hours, or 220 volts with 2220 ohms applied for 50 seconds. She finds

that it makes a difference where the electrodes are placed; when on opposite

sides of the sensitive (growing) region the curvature is always toward the cathode,

but if one is nearer the apex than the other the curvature is toward the apical

electrode. Unhke Plowman'^ whose papers she has overlooked, she found that

curvatures could be produced without injur}% even by strong currents of short

duration. Contrary to Gassner, whose mode of experimentation she deprecates;

she concludes that the curvatures are due to the ions produced by electrolysis

and that galvanotropism therefore is a form of chemotropism, and not neces-

sarily of traumatropism.—C. R. B.

—E-bhedra distachva has been studied recently byEmbryogeny in Ephedra.

—

Ephedra distachya has

Miss Berridge and Miss Sanday,^ who find two markedly unequal male nuclei

lying in a common cytoplasmic mass. The functioning male nucleus

slips out of the cytoplasmic mass and passes to the egg nucleus. Although no

case of fusion was observed, fertilization is thought to occur because proembryos

are found which the authors can account for in no other way than by supposing

fertilization has occurred. The jacket cells arise at the same time as the central

cells. Later the nuclei of the jacket cells divide by direct division, the binucleate

cells enlarge and become gorged with food, and the wall of the egg breaks down,

permitting the jacket nuclei to escape. The jacket nuclei fuse in pairs within

the egg and give rise to proembryos. In some cases the proembryos are merely

enlarged jacket cells, proembrj'onal cells occur within jacket cells not adjacent

to archegonia, and migration and fusion of the nuclei of neighboring jacket cells

precede the formation of these proembryos. These are startling claims to

make in connection with the embryogeny of a gymnosperm.—W. J. G. Land.

Items of taxonomic interest.~N. C. Kindberg (Rev. Bry. 34:87-92. 1907),

in notes on North American mosses. ha.s described new sneries under Pseudo-

Dichodontium, Grimmia

rVYLISS Annals of Botany 2 1

:

387-405, figs, 6. 1907.

^
9 Berridge, Ethel M., and S.vstday, Elizabeth, Oogenesis and em

in Ephedra distachya. New Phytologist 6:128-134, 167-174. pis. 3,4. 1907
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M. L. Fernald (Rhodora 9:140-146. 1007), in a presentation of the eenus
> f

1

I

\

America, recognizes

\
{S. Richii).—G, F. Atkinson and C. W. Edgerxon (Jour. Mycol. 13:185, 1S6.

1907; also Science N. S. 26:385, 386. 1907) have pubh'shed a ntv^ genus {Pro-

tocoronospora) of fungi discovered infecting the cultivated, vetch, and have pub-
lished it m two journals without any evidence as to which publication is to be

regarded as the original one.—C. H. Peck (Bull. Torr. Bot. Club 34:345-349.

1907) has described 12 new species of fleshy fungi, distributed among 8 genera.

—

E. Hassler (Bull. Herb. Boiss. II. 7:718-740. 1907), in continuation of his

1 Plantae Paraguariensis, publishes a new genus (Paradolichandra) of Bignoniaceae.

L. Radlkofer (Leaflets Philippine Bot. 1:208-211, 1907) has published

4 new species of Sapmdaceae from the Philippines.—^J.
M. C.

Movement of water.

—

Dixon adduces experimental evidence ^° that Ewart's

K ' estimates "^^ of the velocity of the transpiration stream and the resistances it en-

* coimters are vastlv too exeat. Ewart calculated from his data that it would

require a head of water 6-$^ times the height of the tree to drive a sufficient

amount of water against the resistance encountered. According to Dixon's

data, with liberal allowances for transpiration, it would suffice to have a head

equal to the height of the tree. As to the soundness of the cohesion theory of

the ascent of water, against which Ewart had brought his conclusions as objec-

tions, Dixon says; *^Apart from the weighty evidence which has elsewhere

adduced in its favor, the fact that other theories, both old and new, have to

assume properties for the waterways of plants which are either in the highest

degree improbable , .... or are even directly negatived by experiment, seems

been

support C. R. B.

Light perception.—Another adverse report on Haberlandt's theory of the

lens-function of the epidermal cells in the perception of light is rendered by

NoRDHAusEN.^^' Unlike Haberlandt, who obliterated the lens action by a

film of water, and Kniep who reversed it by paraffin oil, Nordhausen used a

film of 5-10 percent, gelatin, whose refractive index is almost that of cell con-

tents. (By making the gelatin opaque with lamp black he used it also to exclude

light from the petiole, for which it is much superior to leather or paper.) He

found that the clear gelatin did actually eliminate the lens action of the convex

cells, and testing the ability of the leaf to respond to light in the ver>- plants used

loDixox, H. H., On the transpiration current in plants. Proc. Roy. Soc. Lon-

don B. 79:41-57. 1907

Ewart London

198:41-85. 1905. Also, The resistance to flow in wood vessels. Annals of Botany

19:111. 1905.

" NoRDHAUSEX, M., Ueber die Bedeutung der papillosen Epidermis als Organ

fUr die Lichtperception des Laubblattes. Ber. Deutsch. Bot. Gesells. 25:398-410.

1907.
J

.1
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by Haberlandt, he reports uniformly positive results, both with and without

the darkening of the petiole; whence he concludes that "the lens-function does

not stand in direct causal connection with the^ perception of the direction of

light by the leaf-blade."—C. R. B.

Branching in palms.—In 1892 Morris^^ brought together what had been

recorded concerning the branching of palms, which was regarded as an abnormal

phenomenon. Ridley, ^^ who has had eighteen years of experience in the orien-

tal tropics, has now much extended our knowledge of this phenomenon. He
believes that the greater number of palms are branched at least at base, and

that the production of a single axis from a seed may be regarded as the "abnor-

mal" condition. Lateral buds are produced at or near the base, and these

become erect stems, in some cases the whole plant eventually becoming a bush;

or these lateral buds may develop as subterranean branches that send up a suc-

cession of erect stems (branches). palms has been

thought of only in connection with the crown, but Ridley's observations indi-

J

perhaps

ACK1L\N In Agave and Furcraea tem-

13 Morris, Daniel, On the phenomena concerned in the production of forked

and branched palms. Jour. Linn. Soc. London Bot, 29:281. 1892.

14 Ridley, H. N., Branching in palms. Annals of Botany 21:415-422. pis,

34-39- 1907-

15 FiUTSCH, F. E., and Rich, Florence, Studies on the occurrence and repro-

duction of British freshwater algae in nature. I. Preliminary observations on Spiro-

gyra. Annals of Botany 21:423-436. 1907.

1*5 Smith, A. M., On the application of the theory of limiting factors to measure-

ments and observation of growth in Ceylon. Annals Roy. Bot. Gardens Peradeniya

3:303-375- Pl^' 22-25. 1907-

t

I

Spirogyra.—Dr. Fritsch and Miss Riches have begun a series of studies of

the British freshwater algae, the first one dealing with Spirog}Ta. The principal

topics are: '*The occurrence of Spirogyra in nature," *^The reproduction of
j

SpirogjTa in nature," and ** Points of systematic interest." The species examined

were either purely vernal or exhibited both a vernal and an autiunnal phase.

The autumnal appearance of certain species is thought to be due to certain

external conditions that cause a small number of zygospores to germinate.

"Reproduction takes place ordinarily in the vernal phase, and is most probably

the result of certain periodically recurring combinations of factors, which vary

for different species;" in support of which view the authors present a consider-

able number of data.—J. M. C.

Limiting factors and growth.—A. M. SinxH, late a pupil of Blackman at

Cambridge, has carried out a thorough study of the rate of growth in a number
of plants at different stations in Ceylon, applying to the discussion of his results'^
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perature

the limiting factor, while in Dendrocalamus sometimes the water supply, some-
temperature be

water supply by day and temperature by night; in Vitis the temperature in

January, and the water supply in July. The paper is a most suggestive one.

study along this Hne.—C. R. B.

can

Infectious chlorosis-

—

Baur^? reports that the variegated forms of Ligustrum

vulgare, Liburnum vulgare^ Fraxinus pubescenSy Sorbus aucuparia^ and Pteka

trifoliata^ which are propagated by cuttings, owe their yellow or variegated leaves

to an infectious chlorosis like that recently described in detail for Abutilon Thomp-
soni, A yellow variety of Ptelea trifoliata, however, which can be grown from

seed, is a true aurea-iormj and its condition is not transmissible by infection.

Baur expects to find this disease widespread, when time avails for examining

the many wild and commercial variegate-leaved plants. He intends to make

his next task the isolation of the problematic infecting material.—C. R. B.

primary uredospore.

—

Christman

primary uredospo He
aecidium

spores The relation of

these results to the life-history as a whole is presented in a later paper published

in this journal. '9_j. M. C.

Anaerobic collaborators^'^* report

enzymes

carbohydrates in plant ce

Zymase is responsible for the lactic acid; lactacidase for the alcoholic fermentation,

with hydrogen as a by-product. This seems indirectly to support Pollacci's

hypothesis that in photosynthesis we have reduction of CO3 by H.—C. R. B.

^7 Baur, Erwin, Ueber infektiose Chlorosen bei Ligustrum, Laburnum, Fraxi-

nus, Sorbus, und Ptelea. Ber. Deutsch. Bot. Gesells. 25:410-413- ^907-

^8 Christman, A. H., The nature and development of the primary uredospore.

Trans. Wis. Acad, Sci. 15:517-526. pi. 2g. 1907.

^p Christman, A. H., Alternation of generations and the morphology of the spore

forms in rusts. Box. Gazette 44:81-101. ph 7. 1907.

Stoklasa. Ernst
Atmungsenzjmi' Ber. Deutsch. Bot. Gesells.

25:122-131. 1907.
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NEWS
Raymo^std

n Germany

Dr. Richard Wettstein, Vienna, has been elected president of the "Asso-

ciation of German Men of Science and Physicians/' to meet next year at Cologne,
r

Dr. E2RA Brainerd, well known among botanists for his work on the flora

of Vermont, has resigned the presidency of Middlebury College, an institution

which he has served for 43 years.

The Bryologist for November offers the usual interesting fascicle of notes'

on mosses, liverworts, and lichens. The brief contributions of many obsen^ers

and students of these plants are of real sen'ice.

. Proeessor J. Behrens has been called to the directorship of the biological

Experiment Station at Berlln-Dahlem (the seat also of the Imperial Botanic
r

L

Garden), as successor to the late Professor R. Aderhold,

J. Arthur Harris, Missouri Botanical Garden, has been appointed on the

staff of the Carnegie Station for Experimental Evolution at Cold Spring Harbor,

to succeed E. N. Traxseaxt, now at the State Normal School, Charleston, Illinois.
r

* * ^ -

Professor Lud\\t:g Josx, of the University of Strassburg, has been called to

the State Agricultural College at Bonn-Poppelsdorf and to an assistant professor-

ship in the University of Bonn, as successor to Dr, Fritz Noll, who went to

Halle.

In the

American

Gray, by Professor C. R. Barnes. The frontispiece of the number is a portrait

of Dr. Gray.

Mr. a. H. Curtiss, the well-known collector of plants from the southeastern

United States and West Indies, whose sets are widely distributed and highly

prized in the herbaria of the world, died at his home in Jacksonville, Florida,

September i, at the age of 62 years.

J. E. KiRKW^ooD, formerly

inist to the Mexican-Coi

Francisat Hacienda de Cedros, Mazapil, Zacatecas. It is in this company that

E. Lloyd is director of investigation, with the same laboratory address.

Clark Hall, of the Massachusetts Agricultural College, the new building

named after Colonel William S. Clark, an enthusiastic botanist and one of the

first presidents of the institution, was dedicated on October 2. Addresses were

given by Professor D. P. Penhallow, McGill University, on "William Smith

Clark: his place as a scientist and his relation to the development of scientific

agriculture;" and by Professor John M. Tyxer, Amherst College, on "Reminis-

cences of Colonel W. S. Clark."

464
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The most important classified entries will be found under Contributors, Per-
sonals, and Reviews. New names and names of new genera, species, and varieties

type; synonym

A
A. A. A. S., Chicago meeting 320
Acanthaceae, Stapf on 3 18
Acanthorhynchus, Shear on 318
Acta Horti Bergiani 152
Adamses " Ecological survey in northern

Michigan'* 458
Aerenchyma, Witte on 399
Aesculus glabra Buckleyi 22$
Air chambers, origin 197
Albanese, Nicolo, work of 77
Alfalfa, Bain and Essary on anthracnose

Algae, effect of solutes on 259; of tropics,

Fritsch on 73
Alnus oregana 226; rubra 226
Alpine flora of Argentina, Fries on 459
Alternation of generations in rusts 81
Amelanchier, Blanchard on 317; cana-

densis spicata 225
American Breeders' Association 67
Anatomy, Aponogetonaceae 179; Cymo-
docea 175; Juncaginaceae 179; leaf,

Petzold on 153; lianes, Fries on 396;
Meliosma, Dihm on 153; Naiadaceae
176; Phyllospadix 174; Polemoniaceae,
Htiller on 153; pollen, Hiiller on 153;
Potamogetonaceae 16 r ; Rhexia 2 2

;

Ruppia maritima 171; Scheuchzeria
palustris 180; Siolmatra brasiliensis,

Fries on 396; seeds, Hiiller on 153;
Triglochin maritima 179; Tricyrtis

and Uvularia, Queva on 23 7 ; Zan-
nichelUa palustris 176; Zostera marina
172

Andes, vegetation of the high, Weber-
bauer on 313

Andrews, F. W., personal 79
Angiosperms, Arber and Parker on origin

389; Cook on origin and evolution 390
Anonaceae, Finet and Gagnepain on 72
Anthracnose of aKalfa and clover, Bain
and Essary on 71

Ants and plants, Ule on 314; von Ihering
on 314

Apogamy, in Athyrium, Farmer and
Digby on 69; in ferns, Farmer and
Digby on 69; in Hieracium, Rosen-
berg on 75; in Lastrea, Farmer and

i

Digby on 69; in Marsilia, Strasburger
on 70; in Nephrodium 142; in^Scolo-

pendrium. Farmer and Digby on 69'

Aponogetonaceae, anatomy 179
Apospory, Digby on cytology 75; in ferns,

Farmer and Digby on 69; Goebel on
artificial 317

Araucarians, a new genus of 435
Araucariopitys americana 435
Arber and Parker, work of 389
Archegonia of Microcycas 132
Ardisia meiantha 115; Pickeringia 225
Argentina, Fries on tcology 459
Ascochyta Chiysanthemi 246
Asparagin in seedHngs, Schulze on origin

3S9
.

Aspergillus, Junitzky on zymase from 399
Athyrium, apogamy and apospory in 69
Atkinson, G. F., work of 461
Atti dell' Istituto Botanico dell' Univer-

sita di Pavia 385

B
Bach, Heinrich, work of 159
Bacterial plant-tumor. Smith and Town-

send on 76
Bacterium tumefaciens. Smith and Town-

send on 76
Bain, S. M., work of 71

Baker, C. F., personal 400

Barber, Marshall A., work of 155

Barnes, Charles Reid 68, 72, 73, 78, 197,

228, 230, 234, 307^ 309. 312, 313, 3i4>

315. 3^4, 385. 393. 396, 398» 399. 457.

460, 461, 462, 463. 464
Bartlett, H. H., work of 231, 302

Bateson's "Progress of genetics" 151

Baur, Erwin, work of 463
Bayliss, Jessie S., work of 460

Beckwith, T. D. 400

Beer, Rudolf, work of 158

Beggiatoaceae, Lauterborn on 318

Behrens, J.,
personal 464

Benson, M., work of 318

Berghs, Jules, work of 237

Berridge, Ethel M., work of 460

Berry, Edward W., personal 400

Bessey, Charles E,, personal 80

BiUings, F. H., personal r6o

465
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Binford, R, 214
Blackman, V, H., personal 400
Blanchard, E. H., work of 71, 317
Blight, Chrysanthemum ray 211

Bogue, E. E., death of 240
Bothrodiscus, Shear on 318
Botrychium, sporangium of 36
'Brahea filamentosa 412
Brainerd, E., work of 317, 464
Bray, W. L., personal 240; "Vegetation

of Texas" 458
Breeders' Association, American 67
Britton, N. L., work of 317
Brooks, W. Eric, personal 400
Brown, S., work of 156
Bryologist 464
Buds and ecological types, Raunkiaer on

392
Burlingame, L. L. 34
Butler, E. J., work of 236, 239

c
Cactus, Painter on 156
Caldwell, Otis W. 118
California Nemophilas 381
Calycobolus, House on 72
Calyptranthes Chytraculia 225
Capsella, Shull on elementary species and

hybrids 78
Carex, Mackenzie on 72; in Northwest
America, Holm on 399

Carruthers, WilHam, personal 80
Carya, alba 226; aquatica 226; cordifolia

226; carolinae-septentrionalis 226; gla-

bra 226; laciniosa 226; myristiciformis

226; ovata 226; pecan 226; texana
226; villosa 226

Casu, A., work of 234
Catalpa, bignom'oides 225; Catalpa 225;

speciosa 225; speciosa 225
Cecropia adenopus, Ule on 314; von

Ihering on 314
Central America, plants from 108
Centropogon, nematosepalus 114; nema-
tosepaluspalmanus 115; porphyrodon-
tus 1 14

Cereals, diseases of, Butler on 239
Chamberlain, Charles J. 67, 69, 70, 75,

76, 77> 78, i5Sy 233, 237, 239
Chandler, Harley P. 381
Cheeseman, T. F., personal 320
Chicago, Botanic Garden of University

of 80
Child, C- M., work of 78
Chlamydites, Drummond on 72
Chloroplasts, structure of^ Priestley and

Irving on 399
Chlorosis, Baur on infectious 463
Chocensky, work of 463
Christman, A. H., work of 81, 463

Chromosomes in Cypripedium, paternal

and maternal 366; Mottier on develop-

ment of heterotypic 391; of Oenothera
mutants, numbers of 9, Geerts on 238,

Lutz on 398
Chrysanthemum frutescens, Smith and
Townsend on gall 76; ray blight 241

Chrysler, M. A., personal 79, 161, 237,

238; work of 318
Chytraculia Chytraculia 225
Chytridiaceae, Butler on 236
Citharexylum, Greenman on 71
Clark, William S., personal 464
Clements, Edith S., work of 394
Clements' "Plant physiology and ecol-

ogy" 307
Climate and plants, Guttenberg on 396
Clos, D., work of 398
Clover, Bain and Essary on anthracnose

71
Cockayne, A. H., personal 320
Cockayne, L., personal 320; work of 459
Cock's "Flora of the Gulf Biological

Station" 387
Coker, W. C. 293
Colorado, forest formations of Boulder
County 321; Myxomycetes of. Bethel

and Sturgis on 398
Conocephalus, origin of air chambers 208

Cones of Microcycas 122

Contributors: Barnes, C. R. 68, 72, 73,

78, 197, 228, 230, 234, 307, 309, 312,

Z^Zy 314, 3iS> 384, 3^5* 393> 396, 7,gS,

399> 457» 460, 461, 462, 463; Bartlett,

H. H. 302; Binford, R. 214; Burlin-

game, L. L. 34; Caldwell, O. W. xi8;

Chamberlain, C. J. 67, 69, 70, 75, 76,

77» 78, i5S> ^Zi^ 237, 239; Chandler,

H. P. 381; Christman, A, H. 81;

Chrysler, M. A. 161, 237, 238; Coker,

W. C. 293; Coulter, J. M. 67, 68, 69,

72, 73. 74, 7S> 76, 77> 78, 147. 156, 158,

i59> 231, 232, 235, 236, 238, 239, 310,

311, 312, 317, 318, 319, 390, 398, 399t

461,462,463; Cowles, H. C. 392, 394,

456, 458, 459; Crocker, W. 375; Day,
M. A. 304; DeVries, H. 401; Gates,

R. R. I, 238; Harshberger, J. W. 382;

Harvey, L. H. 382; Hasselbring, H*

157, 232, 235, 238; Hefferan, M. i55>

Heinemann, P. G. 152; Hohn, T.

^SZ^ 395, 396, 397. 398; Jeffrey, E. C
435; Kildahl, N. J. 102; Land, W. J.

G. 78, 187, 273, 316, 460; Lutman, B.

F. 154; Osterhout, W. J. V. 259;

Parish, S. B. 408; Pond, R. H. i59/

313^ 392, 398, 399. 455; Sargent, C S.

64, 225; Shull, G, H. 151, 233, 389;

Smith, J. D. 108; Stevens, F. L. 241,

394; Stokey, A. G. 57; Wilcox, E. M.
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76; Woodbum, W. L, 227; Yama-
nouchi, S. 142, 317, 391; Young, M. S.

189; Young, R. T. 321
Convolvulaceae, House on 72
Cook, M. T., work of 159, 319
Cook, O. F., work of 388, 390
Copeland, E. B., personal 160
Correns, C., work of 233
Coulter, John M. 67, 68, 69, 72, 73, 74,

75> 76, 77» 78, 147. 156, 158, 159. 231,

232, 235, 236, 238, 239, 310, 311, 312,

3^7^ 318, 319, 390, 397, 398, 399, 461,

462, 463
Coulter and Dorner's "Key to the genera

of forest trees" 387
Cowles, HenryC 392, 394, 456, 458, 459;

personal 79
Crataegus Douglasii 64, van Suksdorfii

65, forma badia 65
Crocker, William 375
Cupressus Goveniana, sperms 286
Curtis' "Nature and development of

plants" 455
Curtiss, A. H., death of 464
Cycas, Shibata and Miyake on sperms 233
Cymodocea, anatomy 175
Cypripedium, fertilization 353
Cytology, of apospory, Digby on 75;

of Myxomycetes, Jahn on 76; of Oeno-
thera mutants 18

Czapek's "Ernahrungsphysiologie" 386

D
Dachnowski, A., personal 400
Dacrydium, male gametophyte of i8g;

Jeffrey and Chrysler on 3 18
Dalla Torre and Harms's " Genera Siph-

onogamarum" 232
Darkness, germination of fern and moss

spores in, Laage on 316
Darwin, Francis, personal 79, 80
Davenport, C. B., work of 387
Day, Mary A. 304
Derris costaricensis no; nicoyensis rii;

peninsularis in
DeVries, see Vries
Dicranopteris, Underwood on 317
Diels' "Pflanzenweit von West Austra-

lien" 229
I^jgby, L., work of 69, 75
Dihm, H., work of 153
Dionaea muscipula, vegetative repro-

duction in 382
Dioscorea, root tubers of, Queva on 395
Diseases: anthracnose of alfalfa and

clover 71; bacterial plant-tumor 76;
of cereals 239; Chrysanthemum ray
blight 211; potato scab 76; tomato rot

Distribution Leantt on geographic 75

Dode, L. A., work of 71
Dorfler's "Portraits of botanists" 312 "
Drepanocarpus salvadorensis 109
Driftwood from the arctics, Ingvarson on

397
Drosera, Hamet on 156

'

Druce andVines's "Dillenian Herbaria"

67
Drummond, J. R., work of 72
Duggar, B. M., personal ;^2o

Dumortiera, origin of air chambers 208

E
Earle, F. S., personal 320
Eason, Thomas D., personal 320
Ecological types, resting buds and, Raun-

kiaer on 392 .

Ecology, of Andes, Weberbauer on 313;
of Colorado forests 321; of leaf struc-

tures, Clements on 394; of Somerset,

Moss on 156; of New Zealand, Cock-
ayne on 459

Edgerton, C- W., work of 399, 461
Eichhornia, development of seed 297
Elementary species and hybrids of Cap-

seUa, ShuU on 78
Embryo, Cypripedium 362; Ephedra,

Berridge and Sanday on 461; Ephedra
trifurca 273; Gnaphahum, Schiller on

77; Libocedrus, Lawson on 74; Micro-

cycas 137; Rhizophora, Cook on 319;
Rhytidophyllum, Cook on 159

Embryo sac, Cypripedium 356; Peper-

omia, Johnson on 158

Endophyilum, morphology of spores 81

Endosperm in Cypripedium 360
Englerodendron, Harms on 156

Engler and Prantl's "Die naturlichen

Pflanzenfamilien" 6S

Engler's "Pflanzenreich" 69, 387; "Syl-

labus der Pflanzenfamilien" 312

Ephedra, Berridge and Sanday on embry-

ogeny 460; trifurca, fertilization and

embryogeny in 273
Equisetum, effect of solutes on 264; Haw-

kins on sporangium 78

Ernst, work of 463
Errera, Leo, personal 160

Essary, S. H., work of 71

Evolution, of angiosperms, Arber and

Parker on 389; Cook on 390; Mendel-

ism and other methods of, Cook on 388

F
Fagus, amerkana 226; ferruginea 226;

grandifoUa 226

Faramea, eurycarpa 113; suerrensis n2
Farlow, W. G., personal 80

Farmer, J. B., work^of 69 ^ _ „
Farr's "Flora of Canadian Rockies 312
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Fernald, M. L., work of 232^ 461
Ferns, apogamy and apospory in, Farmer
and Digby on 69; artificial apospory in,

. Goebel on 317; spores, germination of,

Laage on 316; polyspermy in 227;

vascular system of, Tansley on 74
Fertilization, chemistry of, Loeb on 393;

in Cypripedium 353 ; in Ephedra
trifurca 273; in Neplrrodium 145

Fimbriaria, origin of air chambers 210
Fihet ..nd Gagnepain, work of 72
Fitch, Ruby, work of 157
Fitting, Hans, work of 313
Fleshy fungi, Peck on 461
Flora Boreali-Americanaj Clos on 398
Florida, Millspaugh on sand keys 236
Flower, Scott on evolution of angiosperm-
; ous 319
Foods, Le Renard on antitoxic value 392
Forests, formations of Boulder County,
- Colorado 321; rate of growth in Jamai-

can, Shreve on 76; subsoil of, Pearson
on 239

Formative substances. Child on 78
Fraxinus, monograph of, Lingelsheim on

397
Fremontia californica 225
Friedenthal, Hans, work of 235
Fries, R. E., personal 79; work of 459
Fritsch, F. E., work of 73, 462
Fruit of Washingtonia 425
Fuchsia, supernumerary poUen grains of,

Beer on 158
Fungi, fleshy. Peck on 461; Shear on 317;

in termite nests, Fetch on 232
Fungicide, sulfuric acid as a, Kraemer
on 238

G
Gagnepain and Finet, work of 72
Galvanotropism, Bayliss on 460
Gametophjle, Dacrydium 189; Libo-

cedrus, Lawson on 74; Microcycas
126; Podocarpus, Jeffrey and Chrysler
on 318

Garden, University of Chicago Botanic
80

Gates, R. R. i, 238
Geographical distribution, Leavitt on 75;

in Florida, Millspaugh on 236; in
Illinois, Gleason on 238; of vegetation
in Somerset, ^loss on 156

Geotropism, Bach on influence of condi-
tions 159

Germ cells of Oenothera mutants i

Germination, fern spores, Laage on 316;
moss spores, Laage on 316; seeds of
water plants 375

Giesenhagen, Karl, personal 320; "Zell-
teilung im Pflanzenreiche'' 67

Gleason, Henry A., work of 238
Gleicheniaceae, Underwood on 317
Glycogen in yeast, Kohl on 157
Gnaphalium, embryogeny of, Schiller on

77
Gnetales, disappearance of archegonia 286

Goebel, K., work of 72, 239, 317
Gonolobus, rhamnifoHus 116; Tuerck-
. heimii 116
Green, E. L., personal 240
Green's "Vegetable physiology" 457
Greenman, J. M., work of 71, 231

Growth, limiting factor and. Smith on

462; of Polyporus, Edgerton on 399;
rate, in Jamaican forests, Shreve on 76

Guatemala, plants from 108

Guilliermond, A., work of 154
Guttenberg, H. von, work of 396 '

Gymnosperms, xerophytic character of,

Stopes on 77
Gymnosporangium, morphology of spores

81

H
Halesia, Carolina 225; diptera 225
Hallieracantha, Stapf on 318
Halophytism, Casu on 234
Hamet, R., work of 156
Harms, H., work of 156
Harris, J. Arthur, personal 464
Harshberger, John W. 383
Harvey, LeRoy H. 382
Hasselbring, H. 157, 232, 235, 238; per-

sonal 79
Hassler, E., work of 71, 461
Hawkins, Lon A., work of 78
Hefferan, Mary 155
Heinemann, P. G. 152
Helminthostachys, sporangium of 36
Hemsley, W. Botting, work of 399
Heredity in micro-organisms, Barber on

Heteranthera, development of seed 293

Heterochromosomes of Oenothera mu-
tants II

Herzog, Th., personal 400
Hicaria, alba 226; aquatica 226; caro-

linae-septenlrioitalis 226; glabra 226;

laciniosa 226; minima 226;. myris-

ticiformis 226; ovata 226; pecan 226;

texana 226; villosa 226

Hieracium, Rosenberg on apogamy 75
Hildebrand, Friedrich, personal 240
Hill, A. W., personal 400
Holm, Theo. 22, 153, 395, 396, 397> 398;

work of 399
Holtermann's "Einfluss des Klimas" 228

Holway's "N. Am. Uredineae" 152

Hooker, Joseph, personal 79
Hough's "Handbook of trees" 384
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House, H. D., work of 72, 317; personal
320

Hruby, J., work of 73
HiiUer, G., work of 153
Hybrids, of Capsella, Shull on 78;

Oenothera mutants i; twin 401;
of Zca and Reana, Vilmorin on 239

Hymenomycetes, polymorphism of, Ly-

of

man on 235

I

Icacorea paniculuta 225
Ichthyomethia pisijera 22^
Ihering, H. von, work of 314
Illinois River sand region, Gleason on 238
Indexing, perplexities of 304
Infection experiments with mildew, Reed
on 318 '

Inga insignis 112; Pittieri 112; Tonduzii
112

Ingvarson, Fr., work of 397
Ipomoea, House on 72
Irving, Annie A., work of 399

"

J
Jahn, E., work of 76

'
'

Jamaican forests, Shreve on rate of growth
76

Jeffrey, E. C, 435; work of 318
Jennings, O. E., work of 72
Johnson, D. S., work of 158
Jost, Ludwig, personal 464; "Plant

physiology" 309
Juglans, Dode on 71
Julianaceae 399
Juncaginaceae, anatomy of 179
junipcrus, ovules of 78

K
Kildahl, N. Johanna 102
Kindberg, N. C, work of 460
Kirkwood,

J, E., personal 79, 240, 464
Kohl, F. G., work of 157, 398
Kostytschcw, S., work of 73
Kraemer, Henry, work of 238
Kubart, Bruno, work of 78
Kupfer, Elsie, work of 315
Klister, Ernst, work of 155

L
Laage, A., work of 3x6
Land, W. J. G, 78, 197, 273, 316, 460
Lang, W. H., work of 78
Lanig, R. M., personal 320
T^^rix americana 226; laricina 226
Lastrea, Farmer and Digby on apogamy
and apospory 69

Lauraceae, Petzold on anatomy 153
Lauterborn, R., work of 318

Lawson, Anstnither A., work of 74
Leaves, anatomy of, Hiiller on 153; Pet-

' zoldoni53; of Rhexia 28, 31; structure

, and physical factors, Clements on 394
Leavitt, R. G., work of 75
Leguminosae of Porto Rico, Perkins on

Leptospermum scoparium, Cockayne on
mutants of 397

Le Ratia, Patouillard on 156
Le Renard, A., work of 392
Lewisia nevadensis 304; rediviva 304;
pygmaea aridorum 303

Lianes, anatomy of, Fries on 396
Libocedrus, Lawson on 74
Light perception, Nordhausen on 461
Lindinger, Leonhard, work of 395
Lindman, C., work of 396
Lingelsheim, Alexander, work of 397
Limiting factors and growth, Smith on
462

Linnaeus, bicentenary of s^^; herba-

rium, Lindman on 395
Linnaea borealis, Wittrock on 397
Lipman, J, G., personal 320
Liverworts, effects of solutes on 261

Lloyd, F. E., persona! 79, 160, 320, 464
Lonchocarpus atropurpurcus no; mini-

miflorus no; parviflorus no
Lonicera, Jennings on 72
Lunularia, origin of air chambers

eScct of solutes on 261

Lutman, B. F., 154
Lutz, Anne M., work of 398 _

Lycopodium, pithyoides, roots of

sporophytes of, Wigglesworth on

sporangium of 214

Lyon, H. P., personal 240

M
MacDougal, D. T., personal 320
Machaerium campylocarpum 109; coba-

nense 108 i

Mackenzie, K. K., work of 72
Madura pomifera 225

Macmillan Company announcements 320

Magnolia, foetida 225

Magnus, W., work of 235

Mahen, J., work of 395
Maiden's *' Eucalyptus" 69

Malus fusca 225

Mann's "Diatoms of the Albatross" 312

Marsilia, apogamy in, Strasburger on 70

Masters, M. T., personal 79, 160, 400 ,

Megasporangia of Microcycas 122 j

Megaspore of Cypripedium 354
Meliosma, Dihm on anatomy 153

Mendelism, and heredity, Davenport on

387; and other methods of evolution,

Cook on 388

207;

57;

159;

.»
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Menispermaceae, Mahen on secretory

organs 395
Mesozoic, Scott on flowering plants 319
Mexico, Robinson, Bartlett, Greenman,
and Fernald on new plants from 231

Miadesmia membranacea, Benson on 318
Michaers "Plant chemistry" 68

.

Michaux's authorship of "Flora Boreali-

Americana," Clos on 398
Microcycas calocoma 118; multinucleate

archegonia of 286
Micro-organisms, Barber on heredity in

155
Microsporangia of Microcycas 124
MillspaugK, C. F., work of 236
Mitotic figures, Hartog on 77
Miyake and Shibata, work of 233
Moore, A. H., work of 71
Morkillia, Painter on 156
Morodendron carolinum 225; dipterum 225
Morphology of vegetative organs of

Rhexia 22

Morse, W, J., work of 76
Moss, C. E., work of 156
Mosses, Kindberg on 460; spores, Laage
on germination 316

Mottier, D. M., work of 391
Mutants, Lutz on chromosomes of Oeno-

thera 398; of Leptospermum scopa-
rium, Cockayne on 397

Mutation 401; endemic species and,
Willis on 319; in Nephrolepis, Goebel
on 239

Myxomycetes, Jahn on 76; of Colorado,
Bethel and Sturgis on 398

N
Naiadaceae, anatomy of 176
Nemophila Menziesii annulata 38 1

;

rotata 381
Neowashingtonia 410
Nephrodluni, apogamy in 142; apospory

of, Digby on 75
Nephrolepis, Goebel on mutation 239
New Zealand, Cockayne on ecology 459
Nissolia costaricensis loS
Noll, Fritz, personal 160
Nomenclature, American code of botani-

cal 80; of North American trees 225
Nordhausen, M., work of 461
North American Flora 311
Notothylas, Lang on sporogonium 78
Nucleus, figures, Hartog on 77; fusion
and division in Myxomycetes, Jahn on
76; position of, Kiister on 155; of
Spirogyra, Berghs on 237

o
'hila 302; Geerts on
hybrids 401; Lutz

on chromosomes 398; mutants i

;

strigosa 303
Olive, E. W., personal 79
Onagra 302; hybrids 401
Onoclea struthiopteris, polyspermy in 227

Oogenesis in Nephrodium 145
Ophioglossales, sporangium of 34
Origin of air chambers 197; of yeasts,

Viala and Pacottet on 154
Osterhout, W. J. V. 259
Overton, J. B., personal 79
Ovules of Juniperus, Kubart on 78

r

P
Pace, Lula 353
Packard, W. H., work of 73
Painter, J, H., work of 156

Palladin, W., work of 73
Palms, Ridley on branching 462
Pandanus, Schoute on secondary thicken-

ing 238
Paradolichandra, Hassler on 461

Parish, S. B. 408
Patouillard, N., work of 156
Pearson, R. S., work of 239
Peck, C H., work of 461
Penhallow, D. P., personal 240; "Man-

ual of N. A. Gymnosperms" 240

Peperomia, Johnson on embryo sac of 158

Perkins, Janet, work of 239
Perredes' "London botanic gardens" 68

Personals: Andrews, F. M. 79; Baker,

C. F. 400; Barnes, C. R. 464; Beck-

with, T. D. 400; Behrens, J. 464;

Berry, E. W. 400; Bessey, C. E. 80;

BiUings, F. H. 160; Blackman, V. H.

400; Bogue, E. E. 240; Brainerd, E.

464; Bray, W. L. 240; Brooks, W. E.

400; Carruthers, W, 8oj Cheeseman,

T. F. 320; Chrysler, M. A. 79; Clark,

W. S. 464; Cockayne, A. H. 320;

Cockayne, L. 320; Copeland, E. B.

160; Cowles, H. C. 79; Curtiss, A. H.

464; Dachnowski, A. 400; Darwin,

F. 79, 80; Duggar, B. M. 320; Earle,

F. S. 320; Eason, T. D. 320; Errera,

L. 160; Farlow, W. G. 80; Fries, R.

E. 79; Giesenhagen, K. 320; Greene,

E. L. 240; Harris, J, A. 464; Hassel-

bring, H. 79; Herzog, T. 400; Hilde-

brand,F. 240; HiU,A.W.4oo; Hook-

er, J. 79; House, H. D. 320; Jost, L.

464; Kirkw^ood, J, E. 79, 240, 464;

Lanig, R. M. 320; Lipman, J. G- 320;

Lloyd, F, E. 79, 160, 240, 464; Lyon,

H. P. 240; MacDougal, D. T. 320;

Masters, M. T. 79, 160, 400; NoU,

Fritz 160; OUve, E. W. 79; Overton,

J. B. 79; PenhaUow, D. P. 240;

Pond, R. H. 464; Richards, H. M.
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320; Schaffner, J. H. 400; Schrenk,
H. von 160; Spruce, Richard ^20;
Transeau E. N. 79, 464; Trelease,
W, 79; Treub, M. 79; Underwood,
L. M. 240; Wallace, A. R. 320;
Wettstein R. 464; Whitford, H. N.
240; Wicland, G. R. 79

Fetch, work of 232
Photosynthesis, Kohl on 398
Phragmidium, morphology of spores 81
Phyllospadix, anatomy of 174
Picea, Brown on 156; Menziesii 226;

Parryana 226; rubra 226; rubens 226;
sitchensis 227

Pinus attenuata 226; Banksiana 226]
divaricata 2 26; Laricio, proembryo
102; Parryana 226; quadrijolia 226;
tuberculata 226

Piscidia Piscipula 225
Plagiochasma, origin of air chambers 210
Plagiorhabdus, Shear on 318
Podocarpus, Jeffrey and Chrysler on 318
Polarity, Vochting on 315
Polemoniaceae, Huller on anatomy 153
PoUen, Huller on anatomy 153; of Fuch-

sia, Beer on 158; tubes of Ephedra
trifurca 276; tube in Sibbaldia, Alban-
ese on 77

Polygamy, Correns on origin 233
Polymorphism of Hymenomycetes,
man on 235

Polyporus, Edgerton on growth 399
Polyspermy in ferns 227
Pond, Raymond H. 159, 313, 392, 398

399i 455; personal 464
Pontederiaceae, development of seed in

293
Porto Rico, Perkins on Leguminosae of

239
Potamogetonaceae, anatomy 161
Potato scab, Morse on 76
Precipitin and relationship, Magnus and

Friedenthal on 235
Prichardia filamentosa 412
Priestley, J. H., work of 399
Proembryo of Pinus 102
Protocoronospora, Atkinson and Edger-

ton on 461
Prunus ilicifolia 225; integrifolia 225
Pseudotsuga mucronata 226; taxifolia 226

Puccinia, morphologj^ of spores 81
Pyrus rivularis 225
Pythium, Butler on 2^6

Q
Quercus acuminata 226; bicolor 226;

brevijolia 226; breviloba 226; cali-

}ornica 226; cinerea 226\ cuneata 226;

digiiata 226; Durandii 226; ilicifolia

226; Kelloggii 226; minor 226; Mueh-

Ly-

platinoides

72; stellata

J}

lenbergii 226; nana 226;

226; prinoides, Rehder on
226

Queva, Charles, work of 237

R
Radlkofer, L., work of 461
Raunkiaer, C, work of 392
Rauwolfia longifolia 116; stenophylla 115
Reana and Zea, Vilmorin on crossing 239
Reed, G. M., work of 318
Regeneration, Vochting on 315; in Vicia

and Phaseolus, Goebel on 317
Rehder, Alfred, work of '72

Reproduction in Dionaea muscipula,

vegetative 382
Respiration, Hruby on 73; Packard on

73; Palladin and Kostytschew on 73;
anaerobic, Stoklasa on 463

Reviews: "Acti Horti Bergiani" 152;

Adams' "Ecological survey in northern

Michigan" 458; *'Atti deU' Istituto

Botanico deir Universita di Pavia"

385; Bateson's ** Progress of genetics"

151; Bray's "Vegetation of Texas

458; Cock^s "Flora of the Gulf Bio-

logical Station" 387; Curtis's "Nature
and development of plants" 455;

Dalla Torre and Harms's " Genera
Siphonogamarum" 232; Diels's "Pflan-

zenwelt xon West Australien " 229;

Dorfler's "Portraits of botanists" 312;

Druce and Vines's "Dillenian her-

baria" 67; Engler's "Pflanzenreich"

69, 387; "Syllabus der Pflanzenfami-

lien" 312; EnglerandPrantl's "Diena-
tiirlichen Pflanzenfamilien" 68; Farr's

"Flora of Canadian Rockies" 312;

Giesenhagen's "ZeUteilung im Pflan-

zenreiche" 67; Green's "Vegetable

physiology" 457; Holtermann's ".Ein-

fluss des Klimas " 228; Hoiway's

"North American Uredineae" 152;

Hough's "Handbook of trees" 384;

Jost's "Plant physiology" 309; Maid-

en's "Eucalyptus" 69; Mann's "Dia-

toms of the Albatross" 312; Michael's

" Plant chemistry" 68; Perred^s' "Lon-

don botanic gardens" 68; Prantl's (En-

gier and) "Die naturlichen Pflanzen-

familien" 68; Schleichert's "Methodifc

des botanischen Unterrichts " 312;

Shimek's "Flora of Winneshiek County,

Iowa" 69; Smith's "Enumeratio plan-

tarura Guatemalensium" 68; Solms-

Laubach's "Pflanzen^eographie" 230;

Tower's "Evolution in Leptinotarsa

"

456; Van Calcaris "Immunitats- und

Specifitats-Lehre" 151; Velenovskfs
" Vergleichende Morphologic" 310;
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Rhe

and

' Vines, Druce and, "Dillenian Herba-
- ria "67; DeVries's "Plant breeding"

147
Rhexia, morphology and anatomy 22

Rhizophora, Cook on embryology 319
Rhizopus, branching sporangiophores 382
Rhus hirta 225
Rh3^idophyllum, Cook on embryology

Ribes, Britton on 317; Rose on 156
Ricciaceae, origin of air chambers 205
Rich, Florence, work of 462
Richards, H. M., personal 320
Ridley, H. N., work of 462
Riella and Sphaerocarpus, Goebel on 72
Rinodina, Zahlbruckner on 156
Rivista di Scienza 160
Robinson, B. L., work of 231
Roots, Lycopodium pithyoides 57;
* xia 26, 30; tubers of Dioscorea, Queva
on 395

Rose, J. N., work of 156
Rosenberg, O., w^ork of 75
Rot, tomato, Smith on 394
Rowlee, W. W., work of 72 .

Rubus, Blanchard on 71, 317
Ruppia maritima, anatomy 171
Rusts, alternation of generations
» morphology 81

s

Sahagunia urophylla 117
Salix, Rowlee on 72
Sanchezia, Sprucei 116; salvadorensis 116
Sanday, Elizabeth, work of 460
Sap, Dixon on ascent 461
Sapindaceae, Radlkofcr on 461
Sargent, C. S. 64, 225
Sassafras 5'a^5a/ra^ 225; variifoUum 225
Scab, potato, Morse on 76
Schaffncr, J. H., personal 400
Scheuchzeria palustris, anatomy 180
Schiller, Josef, work of 77
Schleichert's "Methodik des botanischen

Unterrichts" 312
Schrenk, Hermann von, personal r6o
Schulze, E., work of 398
Sclerospora graminicola, Butler on 239
Scolopendrium, Farmer and Digby on
apogamy and apospory 69

Scott, D. H., work of 319
Secretory organs of Menispermaceae,
Mahen on 395

Seed, development of 293; Hiiller on 153;
anatomy of plants, effects of solutes on
264; of Washingtonia 425; of water
plants 375

Sequoia gigantea 226; Wellingtonia 226
Shear, C. L., work of 317
Shibata and Miyake, work of 233

Shimek's "Flora of Winneshiek County,

Iowa" 69
Shreve, Forrest, work of 76
Shull, George H. 151, 233, 389; work of

78
Sibbaldia, pollen tube in, Albanese on 77
Siolmatra brasiliensis, Fries on anatomy

396
Siphocampylus Costaricae 114
Smith, A. M., work of 462
Smith, Erwin F., work of 76
Smith, John Donnell 108; "Enumeratio

plantarum Guatemalensium" 68

Solms-Laubach's "Pflanzengeographie"

230
Solutions, physiologically balanced 259
Spermatogenesis in Nephrodium 144
Sperms of Cycas, Shibata & Miyak^* on

233; of Microcycas 126

Sphaerocarpus, Goebel on Riella and 72
Spilanthes, Moore on 71
Spirogyra, Berghs on nucleus 237; effect

of solutes on 260; Fritsch and Rich on

462
Sporangiophores of Rhizopus, branching

Sporangium, Hawkins on Equisetum 78;

of Lygodium 214; of Ophioglossales 34
Spores, morphology of rust 81; germina-

tion of fern and moss, L'aage on 316
Sporogonium of Notothylas, Lang on 78

Sporoph}1;es of Lycopodium, Wiggles-

worth on 159
Sporulation in yeast, Kohl on 157
Spruce, Richard, personal 320
Stapf, O., work of 318
Stem of Rhexia 27, 31
Stevens, F. L. 241, 394
Stimuli, Fitting on transmission 313
Stokey, Alma G. 57
Stoklasa, J., work of 463
Stopes, M. C., work of 77
Strasburger, E., work of 70
Sturgis, W. C, work of 398
Sueda, Fernald on 461
Sulfuric acid as a fungicide, Kraemer on

238
Survey of Auckland and Campbell Islands

320
Synapsis in Cypripedium i^6'&

T
Tanslcy, A, G., work of 74
Tapetum, of Ophioglossales 39
Taxonomy 71, 156, 317, 460
Teleutospores, morphology of 89
Termite nests, Fetch on fungi in 232

Themistoclesia pterocarpa 113

Thickening, Schoute on, in Pandanus,

secondary 238
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Thioploca, Lauterborn on 318

Tomato rot, Smith on 394
Torreya californica 226; taxifolia 226

Tower's "Evolution in Leptinotarsa" 456

Townsend, CO., work of 76

Toxylon pomiferum 225

Toxicity of solutions, Fitch on 157

Transeau, E. N., personal 79, 464

Trees, names of North American 225

Trelease, William, personal 79

Treub, Melchior, personal 79
Tricyrtis, Queva on anatomy 237

Triglochin maritima, anatomy 179

Tropics, Fritsch on algae 73

Tubers of Dioscorea, Queva on 395

Ttimion californicum 226; iaxifolium 226

Tumor, Smith and Townsend on bacterial

76

u
Ule, E., work of 314
Ulmus racemosa 225; Thomast 225

Underwood, L. M., personal 240; work

of 317 r O
Uredineae, morphology of spore forms ai

Uredospores, morphology of 88; primary,

Christman on 463
Uromyces, morphology of spores 81

Uvularia and Tricyrtis, Queva on anatomy

of 237

V
Van Calcar*5 "Immunitats- und Speci-

fitats-Lehre" 151

Vascular system, of ferns, Tansley on 74;

of Potamogetonaceae 162

Vaucheria sessilis, effect of solutes on 259

Vegetation in Somerset, Moss on geo-

graphic distribution 156

Velenovskf s " Vergleichende Morphoio-

VinS, Druce and, "DiUenian Herbaria"

67
Violets, Brainerd on 317; House on 317

Vochting, H., work of 315

Volvaria eurhiza, Fetch on 233

Vries, Hugo de 401; "Plant breeding"

147

w
Wallace, Alfred Russell, personal 320

Washingtonia, filifera 418; filifera micro-

sperma42o; filifera robusta 420; fruit

of 425; gracilis 420; Sonorae 421; seed

of 425; the genus 408

Washington plants, new 302

Water, Dixon on ascent 461; plants,

germination of 37S; subsoil, Pearson

on 239
Weberbauer, A., work of 313

Wettstein, Richard, personal 464

Wheat, effect of solutions on 264

Whitford, H. N., personal 340

Wieland, G. R., personal 79

Wigglesworth, Grace, work of 159

Wilcox, E. Mead 76

Willis, J. C., work of 319

Witte, H., work of 399
Wittrock, V. B., work of 397

Woodburn, W. L. 227

X
Xeroph}^ic character of g>Tnnosperms,

Stopes on 77

Y

brevifolia 226;

Yamanouchi, Shigeo 142, 31?, 3?^

Yeast elvcoRen and sporulation m, Kom

on 157; origin of, Viala and Pacottet on

154
Young, Mary S. 89

Young, Robert T. 321

Yucca arborescens 226;

elata 226; radiosa 226

z

Zahlbruckner, A., work of 156

Zannichellia palustris, ^^atomy 176

Zea, crossing of Reana and, \ ilmonn on

239
Zostera marina, anatomy 172

Zymase from Aspergillus, Jumtzky on 399



Nervous Disorders

Family Doctor

The nerves need a constant enpplj^

of phosphates to kpop them Fteadj
and strung. A deficiency of the phos-
phate causes a lowering of nervous
tone, indicated by exhaustion, rest*

If^psnees, headache or insomnia.

Horsford's
Acid Phosphate

'AicohoiimJ
w

furniahee the phosphates in a pare and
abundant form. It supplies the nerve
cells with health-giving life force, re-

pairs waste, restores the strength ajid

induces reetful pleep without the use
of dang-prouB drugs. An Ideal Tonic
in Nervous Diseases.

Ifvour druppisi can't supply you wc will send a
small bottle, prepaid, on receipt of as cents.

Rutoford Chemical Works, Providence, R. I.

^

EXTRACT
Sixty Years at Work

Relieving Pain.

The test of time has only
served to strengthen the
confidence in POND'S
EXTRACT.
SOOTHING, REFRESHING

AND HEALING.

The most useful
household remedy.

Ask your druggistfor
Pond's Extract Sold
only in sealed bottles—
neversold in b^dk. Refuse
all substitutes.

LAMOST, CORLISS A CO., Agents,

79 Hiifl^on Strt-Pt. New Tnrk.
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Borated

TOILET

Talcum
POWDER

^-

_?

\

- -^

".
--fl

_f:"

As a Champion
protector of the skin and complexion of particular men and

women, first comes
MENNEN'S BORATED TALCUM TOILET P0WDE8

a safe and pure healinjand protective powder, the merits ol which
nave been recognized and commended by the medical profession
jor many years. Winter winds have no iJI effects where Meniieii 8
|S used daily, after feha* iiij; and after balblur. In the nursery
ttjs indispensable. For your protection--piit up in tjon-refiil-

abioboxes--the"boxthatlox" H Mi:>>"i:i^ *»

face is on the cover it's grenulne and a guar-
antee of piiHty, Guaranteed under the

Food and Drujfs Act, June 30th. 1906. Serial

No. 1542. Sold everywhere, or by mail *^c

Sample Free,
CEUHARP MENNEIf CO.

Newark, N. J-
Try MEXNEN'S Violet <Borated) Talcum

Toilet Powder.
It has the scent of fresh-cnt Parma Violets.

.i

^t

Intending purchasers

of a strictly first-

class Piano

should

not fail

to exam-

ine th e

merits

of

k
>«?

'-- y

THE WORLD RENOWNED

_:*^> .^

It is the special favorite of the refined and

cultured musical public on account of its unsur-

passed tone-quality, unequaled durability, ele-

gance of design and finish. Catalogue mailed

I on application.

THE SOHMER-CECILIAN INSIDE PLAYER
SURPASSES ALL OTHERS

I
Favorable Terms to Responsible Parties

SOHIVIER & COIVIPANY
I

Warerooms Cor. sth Ave., 22d St. HEW YOK^;



AND SOCIETY
By WILLIAM I. THOMAS

THIS volume approaches the question of woman and her position in society

from a new .standpoint It recognizes that sex is a fundamental factor in

and
and that

organic

are analyzed, there follows a series of studies on the relation of sex to social

feeling and stimulation, and the influence of sex in securing a system of social

control; the psychology of the maternal system of tribal organization; sex as a

factor in the differentiation of occupations in early society, and the relation of

woman to early industry and invention; the relation of sex to the origin of moral-

ity; the origin of exogamy; the origin and psychology of modesty and clothing.

In the last two papers, on VThe Adventitious Character of Woman'* and
••The Mind of Woman and the Lower Races," modem woman is interpreted

frnm the standnoint of certain conventions and oreiudices which emanate from
and full participation in the

activities of the "white man's world," with the result that she develops a type of

mind and character not representative of the natural traits of her sex.

Former treatises on the "woman Question" have dealtan question nave
scriptive way with the history of marriage, or at least only with the details of the

development of the marriage system, and have failed to present a theory which
makes clear the significance of the present position of woman in society. The
volume of Professor Thomas is the first attempt made to estimate the influence

of the fact of sex on the origin and development of human society.

1

3

ADDRESS
DEPT. P

pages, i2mo, cloth; net $1.50, postpaid I1.65

THE UNIVERSITY OF CHICAGO PRESS
CHICAGO

NEW YORK

Th Silver Age of the Greek World

•«

T^O students of ancient life and thought, Professor Mahaffy's scholarly volumes on

the history of, Greek civilization need no introduction. For this particular

period, no modern authority ranks above him in the estimation of scholars. Indeed,

in the minds of thousands of readers, the ancient world is a world recreated by this

delightful writer—a world with a clear air and a serene sky. The subtle charm of

his style will be found to have in no wise diminished in this, his latest book.

The author's purpose is well stated in the following extract from the preface:

This book is intended to replace my Greek World under Roman Sway^ now out of

print, in a maturer and better form, and with much new material superadded. There
has grown up, since its appearance, a wider and more intelligent view of Greek life,

and people are not satisfied with knowing the Golden Age only, without caring for

what came before and followed after. In this Silver Age of Hellenism many splendid

things were produced, and the world was moulded by the teaching which went out

from Greek lands. If this- teaching diminished in quality, it certainly increased

greatly in influence, and led its higher pupils back to the great masters of the

earlier age,"

485 p^ges, smsttt STbo, dotht net $3.00. Postpaid $3J7

ADDRESS DEPT. P

The University of Chicago Press
CHICAGO and W YORK



mom BOTANICAL

APPARATUS
r

A TTENTION is called to the apparatus
^ ^ for use in plant physiology, and espe-

cially adapted for college and secondary

school work, which we are producing under

the direction of Professor W. F. Ganong, of

Smith College,

' methods of teaching botany make
this

Exp photosynthesis, transpi

ration, osmosis, respiration, may be carried

on by the use of this apparatus, so as to ren-

der processes intelligible to students.

A complete descriptive catalog with full

directions for use of the various pieces has

been published and will be sent free on

request*

''PRISM'' IS A LITTLE MAGAZINE ive publish

monihly* Not a mere advertisement , bat a beautifully

made and printed little publication about that "world of
^cvonder and beaufy seen by the lens. Send us year
name and 'we 'will enter your subscription FREE*

BADSCH * LOMB OPTICAL CO., ROCHESTER, N. Y,

New Yorii, Boston, Wasbiii^ton, Chicago, San Francisco

The Social Ideals of Alfred Tennyson as

Related to His Time

By WILLIAM C. GORDON
It ia rare that two departments of study arc combined as

cleverly and as profitably as English literature and sociology

are combined In this work. It is a treatment, on a some-

what novel plan, of a subject at once literary and scientific.

a66

Address Dept. P

THE UNIVERSITY OF CHICAQO PRESS
Chicag:o and New York

WHEN YOU ASK FOR
THE IMPROVED

REFUSE ALL
SUBSTITUTES AND
INSIST ON HAVING
THE GENUINE
The Name ia

stamped on every
loop—

CUSHION
BUTTON

\LIES FLAT TO THE LEG-ilEV£R
SLIPS, TEARS HOR UNFASTENS

Sample pair, Silk 50c., Cotton 25c.

Mailed on recei^jt of price.

GEO. FROST CO., Makers
Boston, Mass., U.S.A.

ALWAYS EASY

as skillfully prepared

pure and delicious as

»'<:,
' THE SAME MAKERS

THE SAME EXCELLENCE-



TOOTH
PASTE

Differs from the ordinal

dentifrice in minimiziiif

tlie causes of decay. Ed

thousands o'

Dentists. It is deliciousl;

.tful adjunct to the den

tal toilet. In convenient tubes. For sale a-

drug stores, 25c. per tube.

AVOID SUBSTITUTES

DENTACURA COMPANY
Newark, N. J., U. S. A.

If you wish something

with a sharp point—
Something iliai is always ready

for business—seJeci a

N
American GrapKite

flavored
// you are not familiar with Dixon's, send

16 cents in stamps for samples. You mil

not regret it.

1

1

JOSEPH DIXON CRUCIBLE CO.

JERSEY CITY NEW JERSEY

.»- r -.^K T^.-l -^— ...

NIZATi AND WORKING

LECTURES BY PROMINENT RAILWAY MEN
Edited by

ERNEST R. DEWSNUP
and

non-technical way in which every subject is handled, the fact that more than

score of railway experts of the highest reputation have collaborated in its

production, all combine to make the book indispensable to the ambitious young;

** railroader" who desires to make sure his rise in the service by establishing it

upon as broad a foundation of knowledge as possible.

It is also to be hoped that the book, and others of its kind that may follow.

our

universities- The study of this volume ought certainly to give the student of

ore vivid appreciation of the organizj

510 PAGES; SMALL 3V0, CLOTH; NET $2.00

POSTPAID $2. 16

THE
CHICAGO

ADDRESS DEPT. P

UNIVERSITY OF CHICAGO PRESS
NEW YORK
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Keeping out the

cold and keeping in

*

l.V>

Vl5
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only

bodily heat

beginning

of the good work of

Wright's Henlth
Underwear.
stands guard over

the sensitive skin,

preventing that sud-

den closing of the pores which causes colds, coughs

and congestion in various parts of the body.

Wrig'ht*s Health Underwear, made by a recent

process, of selected high grade wool, is the best on
the markets Yet it is in reach of people of moderate

means. Not a fad nor a gimcrack. Just a sensible
* 'loop-knit'* woolen garment, lined with the fleece of

comfort. For men, women and children. "Dressing

for Health,*' a valuable booklet, free.

WRIGHT'S HEALTH UNDERWEAR COMPANY.

75 Tranklin Street, New York.

MA
OF STYLE
Being a Compilation of the Typographical

Rules in Force at the University of

Chicago Press; to Which Are
Appended Specimens of

Types in Use ^,

133 + 80 pages, i2mo, paper; net 50 cents, post-

paid 53 cents

NE of the most comprehensive

works on typographical style

ever published. Though pri-

marily intended for local use, it is

believed to possess elements of use-

fulness for wider circles. It is rec-

ommended publishers, writers,

proofreaders, printers, and others in-

terested in typography.

Address Deft. P

Tke Untversity of Chicago Press

CHICAGO AND NEW YORK

'4 *

WHAT GIFT
WILL BE LONGER TREASURED THAN

^ _ _ H
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A.
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w BSTER
INTERNATIONAL
DICTIONARY?

TTSEFUL. A constant source ofknowledge. Itutswen
your qnestlonft on new words, speUlng, pronnncla*
tlon, etc. ; also qneatlozu aboat placet, noted people,
foreign wortiir and many other But^ecti.

EELIABLE. Ed. In Chief W. T. Harrli, for over t7
Sears T5. 8. Comr. of £d'n. Recently added 25.000
'ew Worda. Beviied Gazetteer, and Biographical

DictJonaiT. Constant emendatlonaJKeep the volnme
abreast of the times. 2380 Fagea. 0000 niasts.

AUTHORITATIVE. It is the aUndard of the Federal
and State Coorts, the Schools, and tlie FreM. THIS
CAKNOT BE TEUL7 SAID OF AITT OTH£&
DICTIONART.

ATTRACTIVE AND LASTING. TheTarlovi bindings
»r« ricli and durable and the paper and pnntl%
mn loperior. ^^ Ills theBest Christmas Gift.

T7ebster*8 Colleqiate Dictiowakt.
largest of oor abrid^mento. Keg^lar and Thin Paper

Editioufl. 1116 Pageg, 1*0 IlloBtratioaa,

Write for Dictfonary WrinkleSp Free.

6. i a MEDRIAM CO., Sprin^ield. Mau.

GJ5T TH£i BSBT.
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Will You Try a Fox Typewriter
At riy Expense

W. R. Fox, President Fox Typewriter Co.

I invented the Fox Type-

writer^nd manufacture it

to-day. I know just how

good it is. I know that it is a better typewriter than any other

typewriter ever built.

I know other typewriters of all kinds and I know that the

Fox has every improvement and every feature that any of them

has—and more. I want to place a Fox in your office at my expense

and have you compare it part for part, feature for feature, with

any other typewriter.

I will let the typewriter speak for itself. All I say about it

and claim for it will be demonstrated by the machine itself more

convincingly than I could tell it.

Then I want to leave the decision to you, If you

want it then I will either sell you one direct on favoT
able terms, or my nearest representative or dealer will

do it tor me. If you already have a machine we will

take that in part payment.

All you have to do is to fill out the coupon below and
mail it to me to-day.

The Test or Trial Will Not Cost
You a Penny

This is the way I sell typewriters; it is a good, fair,

honest way. It has not a weak link in the chain of
fairness.

I do not belong to any trust and nobody dictates the
rice I shall sell at or ho^ I shall sell.

That's rnv business.

I sell my machine strictly on its merits, not for what
it used fobe , but for what it is to-day.

It is no joke to successfully sell typewriters in com-
petition with a big trust. My machine has to he better
than others (not simply as good) to stand a chance in

competition. It is better.

lithe machine is not as good as I say it is it would
have been impossible lor me to build up the enormous
business I have, because to-day I am selling thousands
ot Fox Typewriters— in every civilized country in the
world.

All the writing on the Fox is always in sight and di-

rectly in the line of vision; the writing line is indicated

and the printing point is pointed out so that the h ox is

just what I claim , a perfect visible typewriter.

The typebar and hanger are the heart of a type-

writer, that means they are the most vital part, a

weak typebar means a weak typewriter. Show me a

typebar-bearing thai is narrow and has no wearing

surface, and it tells me that under hard wear such a

typewriter will not retain its alignment and sooner or

later will get out of order.

On the Fox the bearing is wide and the bar heavy
and will stand years and years of hard work.

Then again with the Fox, one machine is equipped

to do all kinds of work—letter writing—invoicing

—

billing—tabulating figures—stencil cutting and heavy

manifolding, anything any typewriter can do the Fox
can do—and more.

You can buy one machine and two carriages of dif-

ferent lengths and change them at will.

You can lift the platen or writing cylinder right out

and put in another in a second. You can write in two
colors and you do not have to touch your ribbon from
the time you put it on the machine till it is worn out.

You can do all these things and many more and do
them better than you can with any other typewriter.

And remember this is the machine I want to place

in your office for trial and mation at my expen
It doesn't cost you a penny to try it.

Will You Do This?
Let me appeal to you as a fair-minded business man to at least

be friendly enough to give me a chance to show you what I have.
I am sure you would want me to give you such a chance if you had
something to sell me.

All I w^ant you to do is to

the attached coupon. Send i

W. R. FOX, Pres.,
Fox TypewriterCompany
560-570 Front Street,

Grand Rapids, Mich.

Send for my catalog,

which takes up the

construction of the
Fox in detail—it's Free,

J



The most popular pens are

ESTERBROOK
9

Made in 150 Styles

Fine Points, Ai, 128, 333
Business, 048, 14, 130

Broad Points, 312, 313, 314
Turned-up Points,477

531. 1876

Esterbrook Steel Pen Mfg. Co,

Works: Camden, N. J, 26 John St., N. Y

10

Typewriters
Come and (jOj
but the machine that alway:
stays, al^

improves
a} leads Iway

a> outw
)

d always outsells all oth
is the

REM IN GTO N
Remington Typewriter Company

(Incorporated)

New York and Everywhere 12

The University of Chicago Press

THE books and periodicals published by the University of Chicago Press

appeal particularly to purchasers of books other than fiction; and every
dealer should familiarize himself with our list, so that he may pre-

sent appropriate books to interested customers. Our publications are also

especially desirable for libraries who aim to supply their patrons with the
more solid current books and magazines. Consult our catalogues for par-

ticulars, or write to either our eastern or home office

150 Fifth Aventie NE^W

M VOCABULARIES
BY EDGAR J. GQODSPEED AND WILLIAM 8. OWEN

^s Utile book is planned to aid the reader of Homer in
the rapid acquiring- of a vocabulary. The words are ar-
ranged in the order of their frequency, a method which has
proved remarkably successful in practice- 6a pages; small
ovo, paper; net $0.50, postpaid $0.53.

ADDRESS DEPT. P
THE UNIVERSITY OF CHICAGO PRESS CHICAGO AND NEW YORK

Egyptian Antiquities in the Pier Collection
PART

By GARRETT PIER
Mr. Pier's collection contains a number of unique speci-

mens and is known to experts throughout the world. The
catalogue is luxuriously printed and bound. 22 plates; 27

pages of descriptive text; quarto; net $4,00.

ADDRESS DEPT. P
THE UNIVERSITY OF CHICAGO PRESS CHICAGO AND NEW YORK
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Bear the script name of Stewart
Hartshorn on label.

Oet " Imxtroved^'* no tacks required. ^
Wood Rollers Tin Rollers

HARTSHORN
SHADE ROLLERS

Bear the script name of Stewart <

Hartshorn on label.

Qui * Improved," no tacks required.

Wood RoIlGrs Tin Rollers



5ANTA
Uses nodel

Hammond Typewriter I

\^ Zn

^-"^

HAMMOND
"visible:

NO. 12

'^^SShb

'mi'v;
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Better than the Best
Easiest operated

I

Coll of type impossible
Alignment perfect and permanent
Uniform impression
Sight of writing unobstructed
Escapement perfect

and for other reasons

which we will explain on

application

The nmoiid Typewriter Co
69th = 70th street, East River

New York, N. Y.
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Strong Testimony from the University of

Virginia.

IN URIC ACID. DIATHESIS, GOUT, RHEUMATISM,
LITHAEMIA and the Like, ITS ACTION IS

PROMPT AND LASTING.
r

Geo. Ben, Johnston, W.D., LL.D., Pro/, Gynecology and Abdominal Surgery, Universi&
of Virginia^ Ex-Pres. Southern St^rgical and Gynecological Assn., Ex^Pres. Virginia Medical
Society and Surgeon Memorial Hospital, Richmond^ Va.: **If I were asked what minzrol water ha*

I would unhesitatingly answer, BUfTWiO LlTillAWiffER
th

^^ Uric Acid Diathesis, Omit*

RheumatiSfn, Lithaemtia, and
e like» its beneficial effects are prompt and lasting* .... Almost any case of P> elltls anil

Cj stitia will be alleviated by it, and many cured. I have had evidence of the undoubted CMssn-

tegrailng Solvent and Eliminatir^ powers of this water in Rena! Calculus, and have known its long

continued use to permanently break up the gravel-forming habit"
r

"IT SHOULD BE RECC'GNIZED A^ AN ARTICLE or MATERIA MEDfCA."

James L. Cabell, M.D., A.M., \.\..X}m ^former Prof. Physiology and Surgery in the Medical

Department in the University of Virginia,
and Pres. ofthe National Beard ofHealth:

ii
BuFFiy.0 THIAWATEH

in Uric Acid
EHathesia is a

"^ell-known therapeutic resource. It should be recognized by the profession as an arti

Materia Medica.''

"NOTHING TO COMPARE WITH IT IN PREVENTING URIC ACID DEPOSITS IN THE

WjL of

DOY."

ginU, Charlottsville, Fa.:

prompt results I have found
thing to compare with

^hairman of Faculty and Professor of Physu

After twenty vears' practice I have no hes

nc BlIFFilLO LlTHIllWjanER
in preventing Uric Acid Deposita

body

« 4

I KNOW or NO REMEDY COMPARABLE TO IT,
»»

Wm. B. Towles, M.D., late Prof qj Anatomy and Materia ^I^dtra, Uniienity of Virgina:

*"}" Urtc Add Diathesis, Qout, Rheumatism, Rheumatic Gout. Renal Caktili aand 5tone In th.
Bladder. I know of r.o _ _ Spring

reiasdj comparable to SUFrai^LmfmWDii no. 2.

Voluminiwas medical testimoay sent on request. For sale by tiie genera! drttg and miaemi

*»ter ti«de. f

PROPRIETOR BUFFALO LITHIA SPRINGS, VIRGINIA

^ M<j. -^J_^ —^^TL" - ifV lAi di-^i^^^^^



NO OTHER FOOD PRODUCT
HAS A LIKE RECORD

OH dGas
stoves, faulty furnaces, etc., contaminate
the air and cause sickness. Over or under
the heating arrangement keep a dish with

water containing a little

W i»est Awards
nn

Europe and
America

127
Years of Constantly

Increasing

^1

BegiBteretl.
U. S. Pal. u±

Sales i

ltd.

I Established 1780]

D '•ij

4^HESTER, MASS.

The Odorless Disinfectant

A colorless liquid
;

powerful, safe, and
economical. Sold in quart bottles only, by

druggists, high- class grocers and house-

Manufacturedfurnishing dealers. by
Henry B. Piatt, New York and Montreal

-

1

vose it

jMrmesa ^-•^hmilr in niodertte dfctmwtmac* s
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